The Effects of Time of Day on Executive Function and Memory in Children with Attention-Deficit/Hyperactivity Disorder by Garaas, Jennifer M.
University of North Dakota
UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects
12-1-2007
The Effects of Time of Day on Executive Function
and Memory in Children with Attention-Deficit/
Hyperactivity Disorder
Jennifer M. Garaas
Follow this and additional works at: https://commons.und.edu/theses
This Dissertation is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact
zeineb.yousif@library.und.edu.
Recommended Citation
Garaas, Jennifer M., "The Effects of Time of Day on Executive Function and Memory in Children with Attention-Deficit/
Hyperactivity Disorder" (2007). Theses and Dissertations. 498.
https://commons.und.edu/theses/498
THE EFFECTS OF TIM E OF D A Y  ON EXECUTIVE FU NCTION AN D  
M EM O RY IN CHILDREN W ITH ATTE N TIO N - DEFI^IT/HYPERACTFVITY
DISORDER
by
Jennifer M. Garaas
Bachelor o f  Arts, University o f  North Dakota, 2001 
Master o f  Arts, University o f  North Dakota, 2004
A  Dissertation
Submitted to the Graduate Faculty 
o f  the
University o f  North Dakota 
in partial fulfillment o f  the requirements
for the degree o f  
Doctor o f  Philosophy
Grand Forks, North Dakota 
December 
2007
nlcrographtc Images on this film  aro accurate reproductions 6f records delivered to Modern Information Systems for microfilming and 
filmed 'n the regular course of business. The photogradilc process meets standards of the American National Standards Institute 
! }  for archival microfilm. NOTICE: If  the filin g  imag? above Is less legible than this Notice, I t  is due to the q uality of the 
ment being filmed.
oo/yo/)?
Date9
This dissertation, submitted by Jennifer Gamas in partial fulfillment o f  the 
requirements for the Degree o f  Doctor o f  Philosophy from the University o f  North 
Dakota, has been read by the Faculty Advisory Committee under whom the work has 
been done and is hereby approved.
This dissertation meets the standards for appearance, conforms to style and format 
requirements o f  the Graduate School o f  the University o f North Dakota, and is hereby 
approved.
e mlcrographic (mages on this film  ere accurate reproductions 6f records delivered to Modern Information Systems for microfilming and 
•re filmed in the regular course of business. The photographic process meets standards of the American National Standards Institute 
MSI) for archival microfilm. NOTICE! If  the filmgf! imgjl  above is less legible than this Notice, i t  Is due to the q uality of tha 
eiiment being filmed. / T ' S f /  /  , , ,
PERMISSION
Title The Effects o f  Time o f  Day on Executive Function and Memory in
Children with Attention Deficit/FIyperactivity Disorder
Department Clinical Psychology
Degree Doctor o f Phi losophy
In presenting this dissertation in partial fulfillment o f  the requirements for a 
graduate degree from the University o f  North Dakota, I agree that the library o f  this 
University shall make it freely available for inspection. I further agree that permission for 
extensive copying for scholarly purposes may be granted by the professor who supervised 
my dissertation work or, in his absence, by the chairperson o f  the department or the dean 
o f the Graduate School. It is understood that any copying or publication or other use o f 
this dissertation or part thereof for financial gain shall not be allowed without my written 
permission. It is also understood that due recognition shall be given to me and to the 
University o f  North Dakota in any scholarly use which may be made o f any material in 
my dissertation.
Date
Signatur
111
TABLE OF CONTENTS
LIST OF T A B L E S ......................................................................................................v
A C K N O W LE D G M E N TS ..........................................................................................vii
A B S T R A C T ............................................................................................................... viii
CHAPTER
I. TNTRODUCTION.............................................................................. 1
II. M E TH O D S .......................................................................................... 28
Participants..............................................................................28
Measures.................................................................................29
Procedure. .............................................................................. 36
III. R E S U LT S ............................................................................................ 40
Participant Inclusion............................................................... 40
Demographics...........................................................................40
Behavior Measures................................................................... 42
Intelligence and Achievement Testing....................................44
Executive Function Measures..................................................48
Memory Measures....................................................................52
IV. DISCUSSION.......................................................................................69
REFERENCES............................................................................................................. 82
iv
The micrographlc Images on this film  are accurate reproductions 6f records delivered to Modern Information Systems for microfilming end 
were filmed in the regular course of business. The photographic process meets standards of the American National Standards Institute 
{ANSI) for archival microfilm. NOTICE: I f  ttic filmed iroogp above is less legible than this Notice, i t  is due to the quality of the 
docment being filmed.
3/W)/d,
LIST OF TABLES
Table Page
1. CVLT-C  Measures and Descriptions..............................................................38
2. The Frequency o f  Gender Distribution as a Function o f  Group by Time o f
Day................................................................................................................... 41
3. Subject Characteristics as a Function o f  Group by Time o f  Day...................42
4. Flome-Osteberg as a Function o f  Group by Time o f  D a y ............................. 42
5. Barkley Questionnaire as a Function o f Group by Time o f  Day....................43
6. Mean and Standard Deviations o f  the Child Behavior Checklist...................55
7. W ISC-IV  as a Function o f Group by Time o f  D ay.........................................56
8. W LAT-II as a Function o f Group by Time o f  D ay...........................................57
9. Executive Function Measures as a Function o f  Group by Time o f  Day....... 58
10. Mean and Standard Deviations o f  the Wisconsin Card Sorting T e s t............59
11. T  Score Means o f  the CPT Measures as a Function o f  Group by Time o f
D ay................................................................................................................... 60
12. Grooved Pegboard as a Function o f  Group by Time o f  D a y .........................62
13. W R A M L-II as a Function o f  Group by Time o f  Day..................................... 62
14. CVLT-C  List A  Measures as a Function o f  Group by Time o f  D a y .............63
15. CVLT-C  List B Measures as a Function o f  Group by Time o f  Day..............64
16. CVLT-C  Short Delay Measures as a Function o f  Group by Time o f  Day. . ..65
17. CVLT-C  Long Delay Measures as a Function o f  Group by Time o f  Day. ...66
v
18. CVLT-C  Measures as a Function o f  Group by Time o f  Day.........................67
19. RCFT as a Function o f  Group by Time o f  Day............................................ 68
vi
AC KNO W LED G M ENTS
I would like to express my sincere gratitude to my Dissertation advisor, Dr. Tom 
Petros, who provided his time, effort, and guidance on this project. Also, I would like 
to thank my other committee members, Dr. Alan King, Dr. Ric Ferraro, Dr. Joe Miller, 
and Dr. Sally Pyle for their suggestions and participation on this project.
Additionally, I would like to thank my husband, Dustin Scott, and my parents, 
David and Elizabeth Garaas, for their constant support and always believing in me 
throughout my educational career.
vii
AB STR AC T
This study examined time o f  day effects on the performance o f  executive function 
and memory tasks in children with Attention-Deficit/Hyperactivity Disorder (AD H D ) 
and non-ADHD children. Previous studies have found that AD H D  children performed 
worse on executive function and memory tasks. Also, research has found that time o f 
day influences perfonnance on executive function and memory tasks. The data analysis 
in this present study consisted o f comparing the performance o f  AD H D  children tested in 
the morning, AD H D  children tested in the afternoon, non-ADHD children tested in the 
morning, and non-ADHD children tested in the afternoon on a variety o f  tests o f  
executive function and memory.
The results o f  this study suggest that there are differences between AD H D  and 
non-ADHD children and time o f day effects on several measures executive function and 
memory tasks. Non-ADHD children performed better than AD H D  children on the 
Conner’ s Continuous Performance Test, Grooved Pegboard, Story Memory Delayed 
Recall subtest from the W ide Range Assessment o f Memory and Learning, Second 
Edition (W R A M L-2 ), and List A  Trial 1 Free Recall from the California Verbal Learning 
Test-Children’s Version (CVLT-C ). Children tes ed in the afternoon performed better 
than children tested in the morning on Letter Fluency, Tower o f  London, Trailmaking 
Test Trails B, and short delay measures from the CVLT-C . The Recognition Trial from
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the Rey Complex Figure Test was the only measure to have a significant interaction o f 
time o f day and group. The interaction indicated that the AD H D  children tested in the 
afternoon performed significantly worse than the non-ADHD children tested in the 
afternoon; however, there were no significant differences between ADHD children and 
non-ADHD children tested in the morning. Since no other interactions were found, these 
results suggest that time o f  day does not moderate the performance o f  AD H D  children on 
tests o f  executive function and memory.
IX
CH APTER I
INTRO D UCTIO N
Attention Deficit/Hyperactivity Disorder (AD H D ) is found in 3-5% o f  the 
general child population. ADHD is also more often diagnosed in boys than girls. In 
community samples, the ratio is 3:1, and in clinic samples, it can be as high as 6:1 
(Netherton et al., 1999). ADHD consists o f  three primary symptoms. The three 
primary symptoms are inattention, hyperactivity, and behavioral disinhibition or 
impulsiveness. Inattention can be described as the individual having difficulties 
sustaining attention, especially with boring, dull tasks. The child is often described as 
a daydreamer, often loses his/her items, has problems concentrating, and does not 
finish his/her assigned work. A  child who is considered to have problems with 
hyperactivity tends to fidget, talk excessively, and have problems sitting still. A  child 
that starts an activity before listening to the instructions or blurting out answers is 
seen as having impulsive behavior problems (Barkley, 1998).
The Diagnostic and Statistical Manual o f  Mental Disorders Fourth Edition 
(D SM -IV ) divides the symptoms into two dimensions, Inattention symptoms and 
Hyperactivity-Impulsive symptoms. An individual can be diagnosed as ADHD 
Combined Type, AD H D  Predominantly Inattentive Type, or AD H D  Predominantly 
Hyperactive-Impulsive Type. For the individual to be diagnosed as AD H D  
Combined Type, they must present with at least six o f  the nine symptoms o f 
inattention and six o f  the nine symptoms o f  hyperactivity-impulsivity, and have
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demonstrated these symptoms for at least the previous six months. For the individual 
to be diagnosed as having ADHD Predominantly Inattentive Type, the individual 
must have at least six o f  the nine symptoms o f  inattention and have demonstrated 
these symptoms for the previous six months. Also, they have to present with fewer 
than six symptoms from the hyperactivity- impulsivity dimension. For the individual 
to be diagnosed with ADHD Predominantly Hyperactive-Impulsive Type, the 
individual must have six o f  the nine symptoms o f  Hyperactivity-Impulsiveness and 
the symptoms must be present for the previous six months. Also, they have to present 
with fewer than six symptoms from the inattention dimension. The diagnostic criteria 
also require that the symptoms be present in at least two settings and that some o f the 
problematic symptoms must have been present before the age o f  seven (Barkley, 
1998).
Applegate et al. (1997) questioned the validity o f  the age o f  onset criteria. 
They studied 380 youths from ages 4 to 17. The Diagnostic Interview Schedule for 
Children (D ISC ) was given to the parent, teacher, and child to assess DSM-IV 
diagnoses. Questions about the age o f  onset o f  impairment were added to the 
interview. The researchers found that children diagnosed with AD H D  combined type 
{ M -  4.88 years) or AD H D  predominantly inattentive type (M =  6.13 years) had a 
statistically significant later age o f  onset o f  impairment than children diagnosed with 
ADHD predominantly hyperactive-impulsive type (M =  4.21). Also, the age o f  onset 
for ADFID predominantly inattentive type was significantly later than AD H D  
combined type. The age o f  onset o f  impairment criterion decreased the accuracy of
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identifying children with ADHD and caution was recommended before ruling out a 
diagnosis o f  ADHD because o f late’- onset o f  symptoms.
There are many problems associated with ADHD. When compared to normal 
children, children with ADHD ,.:re more likely to be behind in intellectual 
development. This could be the ; suit o f  the AD H D  child having different test-taking 
behavior or the ADHD child having lower intelligence, however, it is not clear which 
is the correct reason. AD H D  children tend to have problems with independence, 
personal responsibilities, and self-help abilities, which are seen as adaptive 
functioning. ADHD children tend to have sleep problems. They are more likely to 
have learning disabilities and poor academic achievement and performance (Barkley, 
1998). Also, ADHD children tend to have deficits in executive function. Executive 
function refers to cognitive flexibility, self-regulation, organizing space and time, 
discriminating inhibition o f  responding, preparing responses, and set maintenance 
(Reader et al., 1994).
One component o f executive function, cognitive flexibility, can be measured 
by the Wisconsin Card Sorting Test (W CST). In this test, the individual is presented 
with 128 cards. The cards differ in number, color, and form. The individual begins to 
sort the cards into piles based upon one o f  the categories o f  number, color, or form, 
and the examiner only responds with the feedback o f correct or incorrect. After ten 
consecutive correct responses, the category changes without warning. The number o f  
perseverative errors (a pattern o f  incorrect responses even after feedback about their 
errors) is often the best indicator o f  problems with cognitive flexibility.
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Another way to measure cognitive flexibility is the Trailmaking Test (Reitan 
& Wolfson, 1985). It has two parts: Trails A  and Trails 8. Trails A  consists o f  the 
individual connecting numbers in order from 1 to 15 as quickly as possible. Trails B 
consists o f  the individual connecting numbers to letters in ascending and alphabetical 
order (i.e., 1-A-2-B-3-C, etc.). The measures on this test are the amount o f  time 
taken to complete Trails A  and Trails B in seconds.
Sustained attention is a second component o f  executive function. The 
Continuous Performance Tests (C PT ) measures sustained attention. The CPT 
assesses sustained attention by having the individual respond to the target stimuli and 
not respond to the non-target stimuli over an extended period o f  time. The primary 
dependent variables are errors o f  omission and commission along with response 
latency and variability o f  response latency.
Another task that has been frequently used to measure executive function is 
the Rey-Osterrieth Complex Figure (RO CF) which consists o f  a complex figure that 
the individual copies and then is asked to draw it from memory immediately 
following the copying. In order for an individual to do well on the ROCF, the 
individual must have good organizational and planning skills.
The Controlled Oral Word Association Test (C O W A T ) also measures 
executive function. The child is given a letter or a category and is asked to produce 
as many words as possible that begin with the letters presented (F, A , or S) or are 
members o f  the categories presented (fruits, animals, or parts o f  the body) in one 
minute (Reader et al., 1994).
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Another measure o f  executive functioning is the Stroop Color-Word 
Association Test which is presumed to measure inhibition. This test consists o f  three 
tasks. In the first task participants are first given a sheet o f  paper with a number o f 
color hues and asked to name the colors as quickly as possible. Second they are 
given a sheet with a number o f  words printed in black and white that name colors and 
they are required to name the words as quickly as possible. In the third task, the 
participants are given a page with a list o f  color names that appear in a color different 
from the one named by the word. The participants are required to name the color o f 
the ink that each word is written in, keeping in mind that color o f  the ink and the 
word name are different. The difference in reading time between the third page 
(color names in incongruous ink) and the first page (color hues) is a measure o f  
interference (Barkley and Grodzinsky, 1994). Therefore longer latencies on the third 
page (color names in incongruous ink) indicates more interference and thus less 
inhibition, indicating poorer performance on this measure o f executive function.
The Tower o f  London (T O L ) is another measure o f  executive function. The 
individual in the Tower O f London is given three wooden balls and a block o f  wood 
with three varying sizes o f  pegs in it. The individual is asked to copy the picture they 
are shown in a set number o f  moves. This task measures behavioral inhibition and 
spatial planning (Kempton et al., 1999). These are a few measures that can be used to 
assess an individual’s level o f  executive functioning.
There are several studies that have compared executive function performance 
in children with AD H D  and controls. Loge et al. (1990) tested twenty AD H D  
children and 20 controls between the ages o f  6 and 12. The participants were
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administered the Wechsler intelligence Scale for Children -Revised (W ISC-R; 
Wechsler, 1974), Design Fluency in which the child is told to draw different designs 
consisting o f 4 lines in 4 minutes, Verbal Fluency (similar to the C O W AT ), Reading 
Comprehension Test where the child was asked to read sentences out loud and 
provide the correct words to complete the sentences (Woodcock &  Johnson, 1977), 
California Verbal Learning Test-Children’ s Version (C V LT-C ), Brown-Peterson 
Short-Term Memory Test, Wisconsin Card Sorting Task (Heaton, 1981), and Gordon 
Diagnostic System (Gordon & Mettelman, 1987). For the C V LT-C  the child is read a 
list o f  words containing three different categories and asked to recall the list. This list 
is read to the child five times and after each individual trial, the child is asked to 
recall as many words as he/she can. After the fifth trial, the child is read a new list o f  
unrelated words and asked to recall as many words as he/she can from the second list. 
Then the child is asked to recall as many words as possible from the first list. 
Additionally, the child is asked to recall as many words from the three categories 
(cued-recall) from the first list. Finally, after approximately 20 minutes the child is 
once again asked to recall as many words he/she can from the first list and then cued 
on the three categories. The Brown-Peterson Short-Term Memory Test contains 10 
trials where the participant is read 4 unrelated words and a three digit number, then 
for 15 seconds the child has to count backwards by threes. Finally the child is asked 
to recall the four words within 10 seconds. The Gordon Diagnostic System has three 
tasks: the Vigilance Task, Distractibility Task, and Delay Task. In the Vigilance 
Task, the participants are presented with a series o f  numbers in the center o f  a three- 
column display and asked to respond whenever a 9 followed a 1. The Distractibility
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Task is similar to the Vigilance Task, however, numbers appear in all three columns. 
The individual only responds when the 1 followed by the 9 appears in the center. The 
individual, in the Delay Task, pushes a button as many times as he/she can to earn 
“points” . However, i f  the individual pushes the button too quickly, no points were 
counted because o f a predetermined six-second inter-response time, which the 
individual is unaware of. Although, the individual was informed not to push the 
button too quickly, otherwise, the points would not be counted. On the W ISC-R Full 
Scale IQ, the ADHD participants scored in the average range (M = 105.6), but their 
scores were significantly lower than that o f  the controls ( M =  115.0). The ADHD 
participants scored significantly lower than controls on Digit Span, Block Design, 
Information, Arithmetic, and Coding subtests o f  the WISC-R. The AD H D  children 
correctly recalled fewer words and had more word intrusions than the control children 
on the Brown-Peterson Short-Term Memory Test. There was no difference between 
the two groups on the Gordon Diagnostic System Delay Task. On the Distractibility 
and Vigilance Tasks, the AD H D  children made more errors o f  commission than the 
controls. Also, on the Distractibility Task, the ADHD children detected fewer targets 
than the control children did. There were no significant differences found between 
the AD H D  group and the controls on the Wisconsin Card Sorting Test, California 
Verbal Learning Test, and the number o f  correct responses produced on the fluency 
tests. However, on the Design and Letter Fluency Tests the AD H D  children 
committed more rule violations than the control children did. Loge et al. (1990) 
concluded that there are very few deficiencies in the frontal lobe functioning o f 
AD H D  children.
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However, other studies on executive function and AD H D  children found 
different results. Pineda et al. (1998) tested 124 bovs from 7 to 12 years old. Sixty- 
two o f  the boys were diagnosed with AD H D  while 62 boys who did not meet ADHD 
criteria were placed in the control group. The W ISC-R, Wisconsin Card Sorting Test, 
and a Verbal Fluency test were administered to the children. The control group 
performed significantly better than the AD H D  group on all the tests, but group 
differences were largest on the Wisconsin Card Sorting Test. Pineda et al. (1998) 
concluded that children with ADHD have executive dysfunction, and the W CST is 
the most sensitive measure o f  executive functioning.
Lavoie and Charlebois (1994) had forty-eight 12-year-old boys participate in 
their study. There were 16 disruptive boys, 16 disruptive boys with significant 
attention problems, and 16 controls. The child’ s mother and teacher filled out The 
Behar Preschool Behavior Questionnaire. This questionnaire assesses the child’s 
behavior on three different scales: hostile-aggressive, poor attention span and 
restlessness, and anxious-fearful. The mother and teacher filled out this questionnaire 
at two different times. The first time was when the child was 11, and the second time 
was one year later. Children who met the criteria on the disruptiveness scale at both 
assessment times and by both the teacher and the mother were placed in the disruptive 
group. Children, who met criteria on the disruptive and inattention scales, when rated 
by the teacher and the mother at both assessment times, were placed in the disruptive 
plus significant attention problems group. The control children did not meet criteria 
for disruptiveness or inattention at either assessment, when rated by the teacher and 
mother. The Stroop Color-Word Test was administered to the boys. The disruptive
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group and the disruptive group with attention problems performed worse on the 
Stroop Color-Word Test than the control group. The boys with attention problems 
performed the worst out o f  the three groups on the color-word card. The disruptive 
boys without attention problems performed better than the boys with attention 
problems, but worse than the control group on the color-word card. The color-word 
card assesses the individual’s ability to focus attention on a single dimension while 
ignoring the stimuli’ s other dimensions. Lavoie and Charlebois (1994) concluded 
that children with attention problems have difficulty in selecting and extricating one 
dimension o f the stimulus.
Reader et al. (1994) had forty-eight ADHD children from the ages o f  6 to 13 
participate in their study. The computerized Wisconsin Card Sorting Test, the Test o f 
Variables o f  Attention (T O V A ), the Rey-Osterrieth Complex Figure (ROCF), and 
two word fluency tests were administered to the participants. One o f  the fluency 
tests, semantic trials from the Clinical Evaluation o f  Language Fundamentals, 
consisted o f the children naming as many foods and animals as possible. Also, the 
letter trials from the C O W A T  were administered to the participant. This test required 
the children to name as many words that begin with the letters C, L, and F. The 
T O V A  presents a large white rectangle with a smaller black square either with the 
square in the upper portion o f  the rectangle (target stimulus) or the square in the 
lower portion o f  the rectangle. The subjects are instructed to press a response button 
as fast as possible as soon as the target stimulus is displayed. The task lasts for 22 
minutes. In the first 11 minutes the target is infrequently presented while in the 
second 11 minutes the target is frequently presented. The measures o f  performance
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are errors o f  omission, errors o f commission, response latency for correct decisions, 
and variability o f  response latencies for correct decisions. A ll the test scores that 
assessed executive function were changed into z scores based on age. Below average 
performance was represented by a negative z score. Above-average performance was 
represented by a positive z score. The ADHD children completed fewer categories on 
the Wisconsin Card Sorting Test than the normative sample. Also, the ADHD 
children made more errors o f omission on the T O V A  than the normative sample. 
However, the ADHD children performed in the average range on the Word Fluency 
tests and the ROCF. The researchers concluded that ADHD children have increased 
risk for exhibiting executive dysfunction.
Doyle et al. (2000) had 123 AD H D  children and 103 controls participate in 
the study. The boys’ ages ranged from 6 to 17 years old. They were partic;’~',nts o f  a 
4-year longitudinal study. The Vocabulary, Arithmetic, Digit Span, Block Design, 
and Coding subtests from the WISC-R/WAIS-R were administered. The California 
Verbal Learning Test (for the 17-year-olds) or W ide Range Assessment o f  Memory 
and Learning (W R A M L ) Verbal Learning subtest (for children younger than 17 years 
o f  age) to assess the child’s list learning abilities, Rey-Osterrieth Complex Figure, the 
Stroop Color-Word Test, the Wisconsin Card Sorting Test, the Scattered Letter 
Version o f  the Visual Cancellations Test in order to assess visual scanning and 
selective attention, and an auditory CPT were also administered to the boys. The 
boys with ADHD performed worse than the controls on the auditory CPT, Freedom 
from Distractibility subscale (Arithmetic, Digit Span, and Coding subtests) o f  the
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WISC-R/WAIS-R, Color, Word, and Color-Word subscales o f  the Stroop Test, the 
W CST. the ROCF, and the Letter Cancellation Task.
Muir-Broaddus et al. (2002) assessed the performance o f  78 AD H D  children 
on executive functioning tests from archival clinical data. In some combination, the 
archival clinical data included: Wechsler Intelligence Scale for Children-Third 
Edition (W ISC-III: Wechsler, 1991), Raven Colored Progressive Matrices IQ -  
estimates (RCPM ; Raven, 1976), Woodcock-Johnson Psycho-Educational Battery- 
Revised (WJ-R; Woodcock & Johnson, 1989), Wide Range Assessment o f  Memory 
and Learning (W R A M L ; Sheslow & Adams, 1990), Multilingual Aphasia 
Examination (M A E ) Token Test (Benton &  Hamsher, 1978), California Verbal 
Learning Test-Children’s Version (C VLT-C ; Delis et al., 1994), Wisconsin Card 
Sorting Test (W CST; Heaton et al., 1993), and the V igil Continuous Performance 
Test (VCPT; For Thought Ltd., 1993). The results indicated that on the measures for 
attention span (Number/Letter, Sentence Memory, and Finger Windows subtests from 
the W R A M L  and Digit Span subtest from the W ISC-III) were about one standard 
deviation below the normative mean. On the VCPT, which measures sustained 
attention, the ADHD children performed more than three standard deviations below 
the normati ve mean on the number o f  errors o f  omission. For the measures o f 
learning, the performance o f the ADHD children was significantly below the 
normative mean on all three single trial learning tests (Story Memory subtest from the 
W R A M L  and List A  Trial 1 and List B Recall from C VLT-C ), all three learning 
repetition tests (Visual Learning and Sound Symbol subtests from W R A M L  and List 
A  Total form CVLT-C ), and three o f  the five retention o f  learning tests (Short-Delay
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Free Recall, Short-Delay Cued Recall, and Long-Delay Cued Recall from CVLT-C ). 
The AD H D  children performed significantly below the normative mean for two o f  the 
four inhibition measures (Perseverations on the CVLT-C  and Percent Perseverative 
Errors on the W CST). The ADHD children performed significantly worse than the 
nonnative mean on all three measures o f  working memory (Arithmetic subtest,
Coding subtest, and Freedom from Distractibility Index from the W ISC-III). Muir- 
Broaddus et al. (2002) concluded that ADHD children perform statistically below the 
normative mean on measures o f working memory, attention, and response inhibition; 
however, their performance on these measures was not necessarily clinically 
significant.
Houghton et al. (1998) took a more detailed investigation into whether certain 
AD H D  subtypes affect executive functioning. One hundred and twenty-two children 
between the ages o f  6 and 13 years old participated in the study. Sixty-two o f the 
children were placed in the ADHD Combined Type group, 32 children in the ADHD 
Predominantly Inattentive Type group, and 28 children were placed in the control 
group. The children were administered the Stroop Color and Word test, the Tower o f 
London, the Matching Familiar Figures Test, the Wisconsin Card Sorting Test, and 
the Trailmaking Test. The AD H D  children stopped taking medication for at least 15 
hours prior to their participation. The control group performed significantly better 
than both the AD H D  subtypes on all measures. The children in the AD H D  Combined 
Type group performed significantly poorer on the Stroop Color-Word test and the 
Wisconsin Card Sorting Test than the control group and the AD H D  Predominantly 
Inattentive Type group. The ADHD Predominantly Inattentive Type group
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performed poorer on the Stroop Color-Word test and the Wisconsin Card Sorting Test 
than the control group, however, the results were not significant. Houghton et al. 
(1998) concluded that executive dysfunction is characteristic o f  AD H D  since these 
children with ADHD did not have comorbid diagnoses.
Chhabilda- et al. (2001) compared the performance o f  AD H D  subtypes to 
controls on measures o f  processing speed, inhibition, and vigilance. The study 
consisted o f  children between the ages o f  eight and eighteen who met criteria for 
ADHD, Predominantly Inattentive Type (n=67), ADHD, Predominantly 
Hyperactive/Impulsive Type (n=14), ADHD, ADHD, Combined Type (n=33), and 
non-ADHD children (n=82). The participants were administered measures o f 
processing speed (Trailmaking Test and Coding subtest from the W ISC-R ), inhibition 
(errors o f  commission on the Gordon Diagnostic System and The Stop Task), and 
vigilance (errors o f  omission on the Gordon Diagnostic System). The Stop Task is 
computerized and consists o f  two parts: primary task trials and stop-signal trials. For 
the primary task trials, the individual presses the letter O or X  when it is seen on the 
computer screen. On the stop-signal trials, the individual presses either the letter O or 
X, depending on which one is presented on the screen, except when a tone is heard 
after the letter appears on the screen. A ll ADHD subtypes performed worse on 
inhibition, vigilance, and processing speed measures than controls. When inattention 
symptoms were used as a covariate, there were no longer group differences between 
ADHD subtypes and controls. Therefore Chhabildas et al. (2001) concluded that 
inattention not hyperactivity/impulsivity was significantly related to poor 
performance on tests o f  inhibition, vigilance, and processing speed.
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Kempton et al. (1999) examined the effects o f  stimulants on executive 
functioning in ADHD children. Fifteen medication naive AD H D  children, 15 
medicated children, and 15 controls participated in the study. A ll three groups were 
administered the Wechsler Intelligence Scale for Children (W ISC-3). W ide Range 
Achievement Test (W R A T-3 ) to assess math and spelling abilities, the Neale 
Analysis o f  Reading Ability Revised, and the Cambridge Neuropsychological Test 
Automated Battery (C A N TA B ). The Neale Analysis o f  Reading Ability Revised 
measures the child’s reading comprehension and accuracy. The C A N TA B  consists o f  
six different tests that measure executive functioning: Tower o f  London planning task 
(TO L ), Pattern/Spatial Recognition, Attentional Set Shifting Task (ID/ED), Spatial 
Span, Simultaneous and Delayed Matching to Sample (D M TS ), and Spatial Working 
Memory. The Pattern/Spatial Recognition consists o f  two tasks. In the Pattern 
Recognition task, the children are presented with an abstract colored pattern and then 
later asked to recognize which pattern from two stimuli they were shown previously. 
In the Spatial Recognition task, the children are to identify the spatial positions o f  the 
target-stimuli. The Attentional Set Shifting Task consists o f  an intradimensional shift 
(ID S) where the child focuses attention on particular examples in a stimulus 
dimensions that are reinforced and an extradimensional shift (EDS) in which the child 
shifts attention to an unrelated stimulus dimension. In the Spatial Span task, the 
individual has to remember a sequence o f  squares. DM TS consists o f  a complex 
figure in which the child has to remember. The child, in the Spatial Working Memory 
task, works towards a goal by using mnemonic knowledge. The results snowed that 
the unmedicated AD H D  children performed significantly worse on the ID/ED Set-
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Shifting task, the TOL, and had a significantly shorter spatial span than the controls 
and medicated ADHD children. There were no significant differences between the 
medicated AD H D  group and the controls on these tests o f  executive function. 
Kempton et al. (1999) concluded that medication for ADHC can increase 
performance on executive functioning tasks.
Barkley and Grodzinsky (1994) tested a group o f  children with ADHD 
Combined Type, AD H D  Predominately Inattentive Type, children diagnosed with 
Learning Disorder without ADHD (LD ), and children with no diagnoses (control 
group). The participants were administered a wide variety o f  neuropsychological 
tests including a Continuous Performance Test (CPT). This CPT test was a 9-minute 
vigilance test during which numbers were presented on a display screen at the rate o f 
one per second. Each stimulus was displayed for 800msec. with a 200 msec, delay 
between stimulus presentations. The participants were instructed to press a response 
key as fast as possible whenever a nine was presented after a one. There were 45 
target pairs (1 then 9) presented during the testing, and the performance measures 
were the number correct, the number o f  omissions, and the number o f  commissions. 
The analysis o f  the number o f  omission and commission scores indicated that the 
AD H D  Combined and AD H D  Predominately Inattentive groups performed worse 
than the LD and control group, who themselves did not differ. Therefore, 
performance on a CPT test was impaired in AD H D  children, but CPT test 
performance did not differentiate AD H D  Combined Type from ADHD 
Predominately Inattentive Type.
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Willcutt et al. (2005) completed a meta-analytic review on the executive 
function theory for ADHD. The authors found 83 studies that involved the 
administration o f  executive function measures to non-ADHD (n=2969) and ADHD 
(n=3734) groups. The executive function measures included tests o f  response 
inhibition (Stop-Signal Reaction Time and CPT commission errors), vigilance (CPT 
omission errors), set-shifting (Wisconsin Card Sorting Test perseverative errors and 
Trailmaking Test Part B), planning (Porteus Mazes and Tower o f  Hanoi/London), 
planning/organization (Rey-Osterreith Complex Figure Test), verbal working 
memory (Working Memory Sentence Span and Digits Backward), and spatial 
working memory (C A N TA B  Spatial Working Memory and Self-ordered pointing). 
Significant differences on all 13 executive function measures were found between 
non-ADHD and ADHD groups with a medium effect size. The most consistent and 
strongest effect sizes were found on the tests o f  planning (Tower o f  Hanoi and 
Porteus Mazes), vigilance (C PT  omission errors), response inhibition (Stop-Signal 
Reaction Time), and working memory. On the W CST, most o f  the studies did not 
have a significant difference between non-ADHD and ADHD participants. The 
authors concluded that executive function is “ one o f  several important weaknesses 
that comprise the overall neuropsychologic etiology o f  AD H D .”
The preponderance o f  the evidence reviewed above suggests that individuals 
with AD H D  perform worse than controls on a number o f  tests o f  executive function. 
Recently, investigators have documented the effect o f  age and gender on tests o f  
executive function. For example, Lin et a!. (1999) studied how CPT performance was 
affected by gender and age in children. In the study 226 children ages from 6-13
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years old and 1 !5 children aged 13-15 years old participated. The children were 
administered a CPT test in which one o f  the numbers from 0 to 9 randomly appeared 
on the computer screen about every second. Children were instructed to press a 
button when a target stimulus appeared, that is a 1 followed by a 9. There were two 
parts to the CPT test, an ungraded and a dt graded task. In the degraded CPT test, the 
background had a pattern o f  snow, so that he stimulus was not as distinguishable, 
while in the ungraded part there was no pattern o f snow. The results showed that as 
children age, their performance on both tasks from the CPT improved, most 
noticeable during ages 6 to 12. Also, on the degraded CPT test, boys performed 
better than the girls on measures o f  sensitivity and the hit rate. Sensitivity is the 
accuracy in which the child is able to respond correctly to the target stimulus and not 
respond to the non-target stimulus. L u  rate is the rate at which the child responds to 
the target stimulus. The authors concluded that during ages 6 to 12, cognitive 
inhibition is developing, and gender o f the subjects should be taken into consideration 
when examining the performance on the degraded CPT test.
Greenberg and Waldman (1993) examined the advantages o f  the T O V A  
compared with other versions o f the CPT and the affect o f  age on performance.
Seven hundred and seventy-five children, 6 to 16 years old, participated in the study. 
Bach child was administered the TO V A . The results showed that standard deviation 
o f  reaction time and the number o f  commission and omission errors decreased 
curvilinearly with age. The standard deviation reaction time measures the consistency 
o f  attention. The results indicated that impulse control and attention improve with 
age and can be measured by the TO V A .
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The studies reviewed above suggest that children with AD H D  perform worse 
than controls on a variety o f  tests o f  executive functions. In addition, it was found 
that age and gender appear to moderate performance on some executive function 
tasks.
Recent work suggests that time o f  day may also modulate performance in tests 
o f  executive function. Several studies documented that vigilance performance 
changes across time o f  day. For example, Home et al. (1980) reported that 
performance on a production-line inspection task was better for morning type subjects 
in the morning, while performance o f  evening types improved across time o f  day. 
Blake (1967) had subjects complete an auditory vigilance task at 8:00a.m., 10:30am,
1:00pm, 3:30pm, and 9:00pm. The number o f  correct detections increased across 
time o f  day from the morning (8:00am) to the afternoon (3:30pm).
Rana et al. (1996) studied the effects o f  time o f  day on vigilance performance 
in children. Thirty children ages 10 to 16 participated in the study. A  Paper Pencil 
cancellation test (PPC T ) was administered to the children, which measures vigilance 
performance. The PPCT consists o f  25 consecutive lines with groups o f  three, four, 
or five dots per line. The child is asked to mark a specific group o f  dots as quickly as 
possible. The PPCT was administered at 9:00am, 2:00pm, or 6:00pm. The results 
showed that accuracy and speed o f  performance was better in the morning than in the 
afternoon or evening. Also, more errors were committed in the afternoon than in the 
morning or evening.
In addition to deficits in executive function, AD H D  children have 
demonstrated deficits in some aspects o f memory. Research has found that AD H D
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children have deficits in their working memory. Kourakis et al. (2004) studied verbal 
memory o f  ADHD children. Forty-four non-ADHD boys and 22 AD H D  boys 
between the ages o f  7 and 11-years-old participated in the study. The children were 
administered the two, three, and four number sets from the Digit Span subtest o f  the 
W ISC-III. The four number set was presented up to three times until the child 
correctly repeated the digit string. The child was informed that they would be asked 
to recall the four number digit strings in five minutes. The Arithmetic subtest from 
the W ISC-III was used as a distraction task. In addition, the child was administered a 
phrase task. Phrases from the Binet-Simon test were presented to the child. The 
phrase task was comprised o f  2, 4, 6, 8, 10, 12, and 14 syllable phrases. The 
distracter task consisted o f eight words from the Vocabulary subtest from the W ISC- 
III. The results showed that AD H D  children took more time to recall the digit strings 
and phrases after the distracter task.
Comoldi et al. (2001) examined working memory in children who exhibited 
AD H D  symptoms (AD H D  group) and children who did not exhibit AD H D  symptoms 
(non-ADHD group) determined by teacher ratings. Two studies were completed. In 
the first study, 22 AD H D  children and 22 non-ADHD children between the ages o f  8 
and 12-years-old were administered an auditory task. The children were presented 
with a string o f words and instructed to remember any animal words that were 
presented in the string o f  words and the last word in each string. In addition the 
children were instructed to tap the table every time an animal word was presented in 
the string The children were also administered an auditory dual span test. This test 
used words similar to the auditory task. The child repeated the word string list after it
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was presented. The word strings increased in length as the test progressed. The 
results found that the non-ADHD children performed better on the auditory task o f 
remembering animals and the last word than AD H D  children. No significant 
differences were found on the dual span task between AD H D  and non-ADHD 
children. A  second study was conducted to examine visuo-spatial working memory.
In the second study, fifty non-ADHD children and thirty-four children with ADHD 
symptoms participated. The children were presented with a 4x4 matrix, in which the 
experimenter would point to two, three, or four connected boxes, a “ string,”  either 
diagonally, vertically, or horizontally. The children were asked to point to the ending 
position o f the string on a blank 4x4 matrix. The non-ADHD children performed 
better than the children with ADHD symptoms on the visuo-spatial memory task.
The authors concluded that symptoms o f  AD H D  impair working memory in children.
Westerberg et al. (2004) studied visuo-spatial working memory in AD H D  
children. Twenty-seven ADHD boys and 53 non-ADHD boys between the ages o f  8 
and 15-years-old participated in the study. The children’ s visuo-spatial working 
memory was assessed by using a touch screen computer. The children were shown 
circles one at a time in different positions (the stimulus) on a 4x4 matrix. The 
children were then to point on a blank four-by-four matrix where the stimulus was 
previously seen in the correct order. The difficulty o f  the stimuli, presenting the child 
with longer scenes o f  circle patterns, increased as the test progressed. The children 
were also administered a task to measure choice reaction time. The task was 
presented on the touch screen computer. The child was instructed to press a button 
when the warning stimuli changes to the target stimuli. The task first started out on
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the left side in which the child used his left index finger. It then switched to the right 
side using the right index finger. Finally, the child was presented with stimuli on 
both the left and right side o f  the screen. The results found that non-ADHD children 
performed significantly better than AD H D  children on the visuo-spatial working 
memory test. On the choice reaction test the AD H D  boys had longer latencies and 
more response time variability than the non-ADHD boys.
Mealer et al. (1996) examined the performance o f  AD H D  children and non- 
AD H D  children on the W ISC-III and Wide Range Assessment o f  Memory and 
Learning (W R A M L ). Twenty AD H D  boys and 20 non-ADHD boys who were 
clinically referred for other psychological problems, primarily internalizing disorders, 
participated in the study. The two groups were not significantly different on the 
Verbal IQ (V IQ ), Performance IQ (PIQ ), and Full Scale IQ (FSIQ ) on the W ISC-III. 
However, the non-ADHD boys performed significantly better than the AD H D  boys 
on the Freedom from Distractibility Index on the W ISC-III. The authors analyzed the 
subtests from the W ISC-III and found that the ADHD boys performed significantly 
worse on the Digit Span and Symbol Search subtests. The AD H D  boys performed 
significantly lower on the General Memory Index, Learning Index, and Visual 
Memory Index from the W R A M L. The authors analyzed the subtests from the 
W R A M L  and found that the AD H D  boys performed significantly worse on the 
Verbal Learning and Finger Windows subtests. The Verbal Learning subtest consists 
o f  a word list being presented to the child and the child is asked to recall the word list. 
In the Finger Windows subtest, the administrator visually presents a pattern by 
placing his/her finger in the open windows on a plastic card and the child is asked to
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recall the pattern. The authors concluded that AD H D  children have more difficulty 
with immediate recall o f  information.
Kaplan et al. (1998), also, studied the performance o f  AD H D  children on the 
W ISC-III and W R A M L. In addition, they examined long-term memory in ADHD, 
Reading Disability (RD ), and AD H D  + RD children. Two hundred and ninety-one 
children were placed into one o f  the four groups: RD (n = 63), AD H D  (n =  53),
AD H D  + RD (n = 63) and controls (n =  112). The children were administered the 
W R A M L  and the Vocabulary and Block Design subtests from the W ISC-III 
(Wechsler, 1991). For four o f  the W R A M L  subtests (Verbal Learning, Sound 
Symbol, Visual Learning, and Story Memory), saving scores were calculated. Saving 
scores take into consideration the degree o f  forgetting across a delay. AD H D  and RD 
children had significantly lower estimated Full Scale IQ scores (FSIQ ) from the 
W ISC-III than controls. The RD children scored significantly lower than AD H D  
children on the estimated FSIQ. There were significantly fewer children in the lower 
SES bracket in the control group than the other three groups. SES level and FSIQ 
were used as covariates for all other analysis. The results found that ADHD, RD, and 
AD H D  + RD children scored significantly lower on the General Memory Index, 
Verbal Memory Index, Learning Memory Index, and Visual Memory Index than the 
control group. Also, the AD H D  children scored significantly better than RD children. 
The authors completed further analysis on the subtests for the Indices. For the Verbal 
Memory Index, the ADHD, RD, and AD H D  +  RD children scored significantly lower 
on Number/Letter Memory and Sentence Memory subtests than the control group. 
AD H D  children scored significantly better than the RD children on the
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Number/Letter Memory subtest. For the Learning Index, AD H D  + RD and RD 
children scored significantly lower on Sound Symbol and Verbal Learning subtests 
than controls. On Sound Symbol and Verbal Learning subtests, the RD children 
scored significantly lower than the AD H D  children. Also, the RD children scored 
significantly lower than the AD H D  + RD children on the Verbal Learning subtest.
For the Visual Memory Index, ADHD, RD, and AD H D  + RD children scored 
significantly lower on the Finger Windows subtest than the control group. The 
authors calculated the saving scores for the Story Memory subtest and found that 
AD H D  + RD and RD children significantly forgot more information o f  the passages 
after a delay than the AD H D  and control children. The authors concluded that 
AD H D  children may have difficulty encoding new information, but once the 
information is learned, AD H D  children do not have difficulty recalling it.
On D!ail and Brown (2003) assessed prose memory in adults and adolescents 
diagnosed with ADHD. Forty-six adults, ages 20 to 69 and 47 adolescents, ages 16 to 
19 participated in the study. A ll met the criteria o f  the D SM -IV  for ADHD. The 
participants were administered the Wechsler Adult Intelligence Scale-Revised 
(W AIS-R ; Wechsler, 1981) and the Logical Memory subtest from the W M S-R  
(Wechsler, 1987). In the Logical Memory subtest, the participant is read two short 
passages and asked to recall the passage immediately after it is presented. After a 
thirty-minute delay, the participant is asked to recall the two short passages once 
more. The results found no significant differences between the immediate and 
delayed recall. However, there were a high percentage o f  AD H D  participants with a 
significant difference between their Prose Memory Index and Verbal IQ than the
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standardization sample. The authors concluded that these results support the DSM-IV 
symptom o f “ forgetfulness in daily activities”  for ADHD.
The above research indicates that participants with AD H D  demonstrated 
deficits in some areas o f memory. In a related vein, circadian changes in arousal also 
impact memory performance in several areas. For example, several studies have 
examined the effects o f time o f day on memory o f  adults and children. Petros et al. 
(1990) examined the impact o f  time o f  day o f  testing and momingness-eveningness 
on prose recall in adults. Participants were selected for the study i f  their score on the 
momingness/eveningness scale (Home & Ostberg, 1976) determined that they were a 
"morning" type or "evening" type. Morning and evening type subjects were tested at 
either 9:00am, 2:00pm, or 8:00pm. Subjects were asked to listen to and immediately 
recall 5 short passages (200-220 words). The result o f  the study indicated that prose 
recall decreased across time o f  day for morning types while recall slightly increased 
across time o f  day for evening types. Petros et al. (1990) concluded that the impact o f 
time o f  day performance on prose recall is affected by the individual’ s perception o f 
whether he or she is morning or an evening type o f  person.
Folkard et al. (1977) studied the effect o f  time o f  day on immediate and 
delayed passage memory in children. The participants were 68 female and 62 male 
students who ranged in age from 12 years 5 months to 13 years 4 months.
Participants listened to a tape-recorded story, 2000 words in length, at either 9:00am 
or 3:00pm. Memory for the passage was assessed by requiring subjects to answer 20 
multiple-choice questions. One third o f  the subjects answered the questions 
immediately after listening to each passage, while one third answered the questions
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one week later at the same time o f  day in which they originally heard the passage, and 
one third o f  the participants answered the questions one week later at the opposite 
time o f day from which they originally heard the passage. The results indicated that 
immediate recall was significantly higher at 9:00am than at 3:00pm, while the 
opposite occurred for delayed recall. Folkard et al. (1977) concluded that the 
individual’ s arousal level, which increases throughout the day, effects immediate and 
delayed retention.
Folkard (1980) reanalyzed the data from Folkard et al. (1977). First Folkard 
had undergraduate students rate the importance o f  each multiple-choice question to 
the main theme o f  the story. Then Folkard (1980) examined memory changes across 
time o f  day as a function o f  the importance o f  the information. Folkard (1980) found 
that immediate recall decreased across time o f  day only for the less important 
information.
Petros et al. (2002) examined memory for passages in children 7 to 12 years 
o f age tested at either 9:00 am or 3:00 pm. Children were required to listen to and 
immediately recall the three passages from the W R A M L  (60-80 words) and four 
longer passages (200-220 words) o f  7th and 8th grade readability. Children recalled 
more information at 9:00 am than at 3:00 pm.
Dunne et al. (1990) examined the effects o f  time o f  day on performance o f  
free recall o f  words, recognition o f  words, and continuous retrieval from natural 
semantic categories in 16 adults. The participants were administered a free recall 
task, a recognition task, and a continuous retrieval task at 8:00am and 7:00pm. In the 
free recall task, the participant was shown a list o f  twelve words with one word
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shown at a time. After all twelve words in the list were shown, the participant was 
asked to write as many words as he or she could remember. There was a total o f  six 
lists. The recognition task was administered immediately following the six lists from 
the free call list. The participant was given a booklet containing 18 words shown in 
the free recall list task, 18 unrelated distracters, and 18 related distracters. The 
participant was told to mark whether or not each word was from the free recall list or 
net. In the continuous retrieval task, the participant was given eight minutes to name 
as many items as possible from a natural semantic category (four-legged animals, 
toys, and nonalcoholic beverages). The continuous retrieval task had three trials. On 
the free recall task, participants performed better at 8:00am than 7:00pm. There was 
no difference in performance on the recognition memory test between participants 
tested at 8:00am versus participants tested at 7:00pm. The participants tested at 
7:00pm performed better than participants tested at 8:00am on the continuous 
retrieval task.
The research reviewed here indicated that children with ADHD perform worse 
on test o f  executive function than non-ADHD children. The specific tasks, which 
produce group differences, vary somewhat from study to study but a majority o f  the 
studies report an executive function deficit in ADHD children. Also, children with 
AD H D  demonstrated memory deficits. A  number o f  studies found that time o f  day 
influences performance on tasks o f  executive function and performance on memory 
tests. The purpose o f  the present study was to examine whether the magnitude o f 
AD H D  deficits in performance on tests o f  memory and executive function vary 
depending upon when the participants were tested. The assumption underlying the
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present study was that performance deficits observed in children with AD H D  may be 
larger when children were tested at their non-optimal time o f  day.
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CH APTER II
METHODS
Participants
Fifty-seven children between the ages 7 and 12 years o f  age participated in 
this study. Twenty-seven children met the diagnostic criteria for ADHD. These 
children were recruited from various psychological clinics in the region. The other 
thirty children had no psychological diagnosis and were recruited from the 
community. The children were tested at either 8-10 a.m. or 3-5 p.m. Children with 
AD H D  who participated abstained from their medication for at least 15 hours before 
participation, i f  their medication permitted. In the group o f  children tested in the 
morning, 12 AD H D  children reported that they had abstained from their AD H D  
medication for the required period o f  time; however, one child was on a non­
stimulant AD H D  medication (i.e. Strattera) and thus could not abstain from taking 
their prescribed medication. In the group o f  children tested in the afternoon, 13 
children reported that they had not taken any AD H D  medication for the required 
period o f  time; however and one child had refrained from taking their prescribed 
stimulant medication (i.e. Concerta), but had taken their non-stimulant ADHD 
medication (i.e. Strattera). Children with co-morbid diagnoses were also allowed to 
participate as long as ADHD was the primary diagnoses.
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Measures
M o rn i ngn ess-Even ingn ess
Horne-Ostberg Momingness-Eveningness Questionnaire: The Horne-Ostberg 
Momingness-Eveningness Questionnaire (Horne & Ostberg, 1976) is an adult, self- 
report questionnaire and consists o f  19 questions. A  modified version o f  the Horne- 
Ostberg Momingness-Eveningness Questionnaire was administered that consisted o f 
16 questions that were rewritten to enhance their comprehension by children. Twelve 
questions have the children choose one o f  the four responses in which indicates 
“ definite evening type” , “ moderate evening type” , “ moderate morning type” , and 
“ definite morning type” . The four remaining questions require the children to mark 
their answers on an hour scale.
Behavior Measures
A D E ID  Rating Scale-IV : The ADHD Rating Scale - IV  (DuPaul et al., 1998) is an 18 
item rating scale that covers the 9 symptoms o f  hyperactivity-impulsivity and the 9 
items o f  inattention that are listed in the DSM-IV. The items are rated on a 4-point 
scale regarding how often (0 -  rarely, not at all; 1 -  sometimes; 2 -  often; 3 -  very 
often) they exhibited behaviors consistent with inattention, hyperactivity, and 
impulsivity.
C h ild  Behavior Checklist: The Child Pehavior Checklist (Achenbach, 2001) assesses 
several domains o f  children’s emotional and behavioral functioning. It consists o f  
112 items in which the parents report on a three-point scale the frequency (0=not true, 
1-somewhat true, 2-very true) their children exhibits symptoms in the following 
areas: Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints, Social
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Problems, Thought Problems, Attention Problems, Rule Breaking Behaviors, and 
Aggressive Behaviors. These areas are also grouped into Internalizing Behaviors, 
Externalizing Behaviors, and Total Behaviors.
The Clinical Interview: The Clinical Interview -  Parent Report Form from Barkley 
(1998) was administered to the parent o f  the child. The interview covers DSM-IV 
symptoms for internalizing and extemalizing disorders in children. This version 
covered Oppositional Defiant Disorder, Conduct Disorder, ADHD, Anxiety 
Disorders, and Mood Disorders.
Intelligence and Achievement Testing 
Wechsler Intelligence Scale fo r  Children -  I V  (W IS C -IV ) subtests:
Vocabulaiy: The Vocabulary subtest from the Wechsler Intelligence Scale for 
Children-IV (W ISC-IV ; Wechsler, 2003) was administered. This test consists o f  30 
words in which the examiner states the word and the participant provides a brief 
definition. Each response is given 0, 1, or 2 points depending on the accuracy o f  the 
response and testing continues until the participant produces four consecutive 0-point 
responses. This subtest assesses the child’s verbal ability.
D ig it Span: The Digit Span subtest from the W ISC-IV  was administered to 
assess short-term memory. It consists o f  Digits Forward and Digits Backward 
sections. For the Digit Forward section, subjects are presented with sequences o f 
numbers and are required to repeat the number sequences in the exact order they are 
presented. The sequences range from two to nine digits long with two sequences at 
each length. Participants are tested until they fail both sequences o f  a particular
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length. The Digits Backward section requires subjects to repeat the number 
sequences in reverse order. Digit Span assesses attention and short-term memory.
Symbol Search: The Symbol Search subtest from the W ISC-IV  was 
administered. In this subtest, the child scans a row o f  symbols and identifies whether 
the target symbols match any o f  the symbols in the row. The child was given two 
minutes to complete as many items as he/she could. The child’s correct responses 
minus the incorrect responses equaled the total raw score.
Coding: The children were administered the Coding subtest from the WISC- 
IV. The child was provided a key o f  simple shapes paired with numbers one through 
nine. The child drew tlie shape that corresponded with the number above it. The 
child was given two minutes to complete the subtest. The total raw score consisted o f 
the total number correct.
Wechsler Individual Achievement Test, 2nd Edition (W IA T -I I )  subtests
Reading Comprehension: The Reading Comprehension subtest from the 
Wechsler Individual Achievement Test, 2nd Edition (W IA T -II; Wechsler, 2002) was 
administered to the participants. The child was asked to read passages and short 
sentences and then answer questions regarding comprehension. The variables on this 
subtest were the child’s standard score for age and grade.
Listening Comprehension: The Listening Comprehension subtest from the 
W IA T -II was administered to the participants. The child was asked to choose the 
picture that best represent a word (receptive language), choose a picture that best 
represented a sentence (sentence comprehension), and produce a word that was
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equivalent to a picture or an oral description (expressive language). The variables on 
this subtest were standard scores for age and grade.
Pseudoword Decoding: The Pseudoword Decoding subtest from the W IA T -II 
was administered to the participants. The child was asked to phonetically read aloud 
nonsense words. The variables on this subtest were standard score o f  age and grade.
Executive Function Measures
The Controlled O ra l Word Association Test (C O W AT; Benton and Hamsher, 1978): 
The C O W A T  consists o f  two parts, letter fluency and category fluency. In the letter 
fluency, the subject is allowed 60 seconds to list as many items as possible that begin 
with a particular letter. The letters tested are “ F” , “ A ” , and “ S” . In the category 
fluency test, the subject is allowed 60 seconds to name as many words as possible that 
would belong in a particular category. The categories are “ fruits”  and “ animals” .
The number o f  correct responses is the dependent variable in the CO W AT.
Tower o f  London: The Tower o f  London task (TO L; Krikorian, 1994) contains a 
block o f  wood with three wooden pegs o f  varying heights, three wooden balls o f 
different colors (blue, red, and green) that can be placed on the pegs, and pictures o f 
specific arrangements o f  the balls on the pegs. The balls are placed in the “ start 
position” . The subject is shown an arrangement o f the balls and is asked to match the 
picture in a certain number o f  moves. The subjects can only move one ball at a time 
and cannot hold one ball in their hand while moving another ball. The subjects are 
allowed three trials on each picture arrangement. Three points are awarded for 
correctly completing the arrangement on the first trial, two points for the second trial, 
one point for the third trial, and zero points for not correctly matching the
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arrangement. The examiner recorded the amount o f  time to complete the 
arrangement and the number o f correct responses.
Trailm aking Test: The Trailmaking Test (Reitan & Wolfson, 1985) has two parts: 
Trails A  and Trails B. Trails A  consists o f  the child connecting numbers in order 
from 1 to 15 as quickly as possible. Trails B consists o f  the child connecting numbers 
to letters in ascending and alphabetical order (i.e., 1-A-2-B-3-C, etc.). The measures 
on this test are the amount o f  time taken to complete Trails A  and Trails B in seconds. 
Wisconsin Card  Sorting Task: The Wisconsin Card Sorting Task (W CST; Heaton, 
1981) assesses executive function. It consists o f  128 cards that have designs that 
differ in number, color, and form. The subject is given four stimulus cards and is 
asked to sort the deck o f cards corresponding with the stimulus cards. After ten 
consecutive cards have been matched correctly, the category for sorting the cards is 
switched without warning. The W CST examines the number o f  trials administered to 
the children, the number o f  correct trials, the total number o f  errors, perseverative 
responses, perseverative errors, non-perseverative errors, the total number o f 
categories completed, the number o f trials to complete the first category, and the 
failure to maintain set.
Conners’ Continuous Performance Test: The Conners’ Continuous Performance Test 
(CPT, Conners, 1995) consists o f  ten upper-case letters including the letter X, which 
is designated as the target stimulus. Three hundred and sixty letters are presented on a 
computer screen one at a time. The CPT is divided into 18 consecutive blocks with 20 
trials in each block. The 18 blocks contain different time delays between the 
presentations o f  successive letters (interstimulus interval, ISI). The IS1 is either 1, 2,
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or 4 seconds. The participant is asked to press the spacebar every time a letter 
appears except when the letter is “ X ” . The measures examined were the Number o f 
Errors o f Omission and Commission, Hit Reaction Time, Hit Reaction Time Standard 
Error, Variability o f  Standard Error, Attentiveness (d ’ ), Response Style, 
Perseverations, Hit Reaction Time Block Change, Hit Standard Error Block change, 
Hit Reaction Time ISI, Change, and Hit Standard Error ISI Change. A ll measures are 
T  scores with a mean o f 50 and a standard deviation o f  10.
Grooved Pegboard: The children were administered the Grooved Pegboard. The 
children were timed how quickly they could place small, grooved, rnetal pegs into 
slots. First the child completed the task with only their dominant hand then with only 
their non-dominate hand. The variables measured on this task were Dominant Hand 
Standard Score and Non-Dominant Hand Standard Score.
M em ory Measures
Story M em ory: The Story Memory subtest from the W ide Range Assessment o f 
Memory and Learning, Second Edition (W RAM L-2 ; Sheslow et al., 2003) was 
administered. The subtest consists o f  Story Memory Immediate Recall, Story 
Memory Delay Recall, and Story Memory Delay Recognition. In Story Memor, 
Immediate Recall, the passage is read to the child. A t the end o f  the story, the child 
tells the story back to the administrator. Story Memory Delay Recall is administered 
after a 30-minute delay, when the child is asked to recall the two stories that were 
presented to them. Story Memory Recognition is administered following the Story 
Memory Delay Recall. In the recognition task, the child is presented with multiple 
choice questions regarding the two stories. Children ages 8-years old and younger are
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administered Story A  (Birthday Story) and Story B (Fishing Story). Children ages 9- 
years-old and older were administered Stories B (Fishing Story) and C (Job Story).
In the present study all stories were administered.
California Verbal Learning Test-Children's Version (C V L T -C ) :  The C V LT-C  (Delis 
et al., 1994) was administered to the participants. The child was read a shopping list 
(List A ) containing three different categories (things to wear, things to play with, and 
frufts) o f  15 words total and asked to recall the list. This list was read to the child five 
times and after each individual trial, the child was asked to recall as many words as 
he/she could. After the fifth trial, the child was read a new shopping list (List B ) that 
contains 15 unrelated words (e.g. furniture) and asked to recall as many words as 
he/she could. Then the child was asked to recall as many words as possible from the 
first shopping list. Additionally, the child is asked to recall as many words from the 
three categories (cued-recall) from the first shopping list. Finally, after 
approximately 20 minutes the child is once again asked to recall as many words 
he/she could from the first shopping list and then cued on the three categories. The 
measures examined along with their descriptions are listed in Table 1.
Rey Complex Figu re  Test (R C F T ):  The Rey Complex Figure Test (RCFT; Meyers 
and Meyers, 1995) was administered to the participants. This measure consists o f  a 
complex figure. In the Copy Trial, the child is timed to see how quickly and 
accurately he/she could copy the complex figure. Then three minutes after the Copy 
Trial, the child is given the Immediate Recall Trial and asked to draw the complex 
figure from memory. Following a 30-minute delay, the Delayed Recall Trial is 
administered wherein the child is asked one final time to draw the complex figure
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from memory. After the Delayed Recall Trial, the child is administered the 
Recognition Trial and is shown 24 different shapes and asked to circle the shapes that 
were seen in the complex figure. The variables examined on this test were Copy Trial, 
Copy l  ime, Immediate Recall Trial, Delayed Recall Trial, and Recognition Trial.
Procedure
The participants were semi-randomly assigned to be tested in the morning 
(8:00am -10:00am) or in the evening (3:00pm -  5:00pm), depending somewhat on 
their availability. The children were individually tested in a private room.
Participants first completed a demographic sheet requesting their name, age, sex, and 
grade in school. They were then given a consent form to be signed by the parent and 
an assent form to be signed by the child. The experiment was then explained to the 
participants. The parent completed the Child Behavior Checklist and the AD H D  
Rating Scale IV. In addition, each parent was administered the structured Clinical 
Interview -  Parent Report Form from Barkley (1997) in a separate room while their 
child was completing the measures. First, the Vocabulary subtest from the W ISC-IV  
was administered to the child. Then the child was given List A  Trials from 1 through 
5, List B, List A  Short-Delay Free-Recali, and List A  Short-Delay Cued-Recall Trial 
from California Verbal Learning Test-Children’ s Test (C V LT-C ). Next, the child 
was administered the Copy Trial from the Rey Complex Figure Test (RCFT), Trails 
A  and B, and then the Immediate Recall Trial from the RCFT. The Symbol Search 
and Coding subtests from the W ISC-IV  and the Pseudoword Decoding subtest from 
the Wechsler Individual Achievement Test, 2nd Edition (W IA T -II) were given next. 
Twenty minutes after the List A  Short-Delay Cued-Recall from the (C V L T -C ) was
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administered, the child is administered List A  Long-Delay Free-Recall Trial, List A  
Long-Delay Cued-Recall Trial, and List A  Long-Delay Recognition Trial. 
Afterwards, the child was administered the Grooved Pegboard Test. The child was 
then given the RCFT Delayed Recall Trial and Recognition Trial 30 minutes after the 
administration o f the RCFT Copy Trial. The child was administered Story Memory 
Immediate Recall subtest from the W ide Range o f Assessment o f  Memory and 
Learning, 2nd Edition (W R A M L-II). Next the child completed the Conner’ s 
Continuous Performance Test (C PT ) and Controlled Oral Word Association Test 
(C O W A T ). After 25 minutes passed from the administration o f  the Story Memory 
Immediate Recall subtest from the W R A M L-II, the child was given the Story 
Memory Delay Recall and the Story Memory Recognition subtests from the 
W R A M L-II. Afterwards, the child was administered the Tower o f  London and 
Wisconsin Card Sorting Test. Then the child was given Listening Comprehension 
and Reading Comprehension subtests from the W IAT-II. The final test administered 
to the child was the Digit Span subtest from the W ISC-IV.
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Table 1: C V L T - C  Measures and Descriptions
Measure Description
List A  Total Tria ls 1-5 raw score 
and standard score
The total number o f  words from List A  recalled 
over all five trials
List A  T ria l 1 Free Recall raw  
score and standard score
The total number o f  words immediately 
recalled after the first presentation o f  List A
List A  T r ia l 5 Free Recall raw  
score and standard score
The total number o f  words immediately 
recalled after the fifth presentation o f  List A
List B Free Recall raw score and 
standard score
The total number o f  words immediately 
recalled after the presentation o f  List B
List B Free Recall versus List A  
T ria l 1 Free Recall Percent
The percentage o f difference between the 
number o f  words recalled on List B versus List
List B Free Recall versus List A  
T r ia l 1 Free Recall Difference
Age-corrected z score for the List B Free Recall 
versus List A  Trial 1 Free Recall Percent
List A  Short-Delay Free Recall 
raw score and standard score
The total number o f  words from List A  recalled 
after a short delay due to the presentation o f
Short-Delay Free Recall versus 
List A  T ria l 5 Percent Change
The percentage o f difference between the 
number o f  words recalled List A  Short Delay 
versus the number o f  words recalled from List
List A  Short-Delay Cued Recall 
raw score and standard score
After a short delay, the total number o f  words 
recalled when given semantic categories are
List A  Long-Delay Free Recall 
raw score and standard score
The total number o f  words recalled for List A  
after a 20 minute interval
Long-Delay Free Recall versus 
Short-Delay Free Recall Percent 
Change
The percentage o f difference between the 
number o f words recalled for List A after the 20 
minute delay versus the number o f  words
Long-Delay Free Recall versus 
Short-Delay Free Recall 
Difference Score
Age-corrected z score for the Long-Deiay Free 
Recall versus Short-Delay Free Recall
List A  Long-Delay Cued Recall 
raw score and standard score
After a long delay, the total number o f  words 
recalled when given semantic categories
Learning Slope raw score and 
standard score
The average number o f  new words for each trial 
that the participant attains across the five 
immediate recall trials for List A
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Table 1 (cont’d)
Measure Description
Correct Recognition Hits raw  
score and standard score
The number o f  words from List A  that the 
participant correctly identifies from a verbally 
presented list o f  45 words
Discrim inability raw score and 
standard score
The number o f  words correctly and incorrectly 
identified from List A  from a verbally presented
Recognition Discriminability 
versus Long Delay Free Recall 
Score
T'he difference between the number o f  words 
correctly and incorrectly identified from List A  
from a verbally presented list o f  45 words and 
the total number o f  words recalled from List A
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CH APTER 111
RESULTS 
Participant Inclusion
All children classified with a diagnosis o f  ADHD scored at or above the 8011' 
percentile on the inattention and hyperactivity/impulsivitv subscale o f  the ADHD 
rating scale (DuPaul et al., 1998) while those in the control condition scored at or 
below the 75lh percentile on the inattention and hyperactivity/impulsivity subscales.
In addition, the semi-structured interviews were also consistent with their group 
classification. Also, all participants in this study obtained a standard score o f  85 or 
greater on the Listening Comprehension and Pseudoword Decoding subtests from the 
W IA T -II to confirm that they did not have a Reading Disorder.
Demographics 
Gender, Age, and Grade
The distribution o f  boys and girls is displayed in Table 2. A  total o f  13 non- 
ADHD boys, 17 non-ADHD girls, 19 ADHD boys, and 8 AD H D  girls participated in 
this study. The presence o f  more ADHD boys than AD H D  girls participating in this 
study is consistent with the findings in community and clinical samples where boys 
are more often diagnosed with ADHD than girls (Netherton et al., 1999). The reason 
for more non-ADHD girls than non-ADHD boys being tested is likely due to failure 
o f  random assignment.
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T a b le  2 : T h e  F r e q u e n c y  o f  G e n d e r  D is tr ib u t io n  as a F u n c tio n  o f  G r o u p  b y  T im e  o f  D a y
N on-AD H D AD H D
n=15 n=15 n=13 n=14
A M PM A M PM
Gender
Male 5.00 8.00 10.00 9.00
Female 10.00 7.00 3.00 5.00
The means and standard deviations for age and grade scores are presented in 
Table 3 as a function o f Time o f Day and Group. A  2 (Group) X  2 (Time o f Day) 
analysis o f  variance (A N O V A ) was conducted separately on age r.ud gr-sie. A 
significant main effect for age was found for Time o f  Day, F  (1,57) = 5.93, p<.05. 
The significant main effect o f  Time o f  Day indicated that children tested in the 
afternoon were older (M =  10.90) than the children tested in the morning (M =9.64). A  
significant main effect for grade was also found for Time o f  Day, F  (1, 57) = 6.46, 
p < .0 5  with children tested in the afternoon enrolled in a higher grade (M=5.14) than 
children tested in the morning (A/= 3.86). A  Pearson’ s r  was conducted to determine 
the correlation between age and grade which indicated that age and grade are highly 
correlated (r=  0.978). Since there is significant Time o f  Day difference on age and 
grade and age is significantly correlated with grade, all analysis will be computed 
with age as a covariate. The means and standard deviations for age and grade are 
presented in Table 3.
Horne-Ostberg Morningness-Eveningness Questionnaire 
A number was attached to each question on the Horne-Ostberg Morningness- 
Eveningness Questionnaire based upon the response and these numbers were summed 
to comprise the participants score, the higher the number, the greater the degree o f 
morningness. A  2 (Group) X 2 (Time o f  Day) Analysis o f  Variance (A N O V A ) was 
conducted on the modified Horne-Ostberg Morningness-Eveningness Questionnaire.
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No significant main effects or interaction were found. The mean and standard 
deviation for the Home-Ostberg Questionnaire is presented in Table 4.
Table 3: Subject Characteristics as a Function of Group by Tim e of Day
N o n -A D H D A D H D
n=15 n=T5 n=13 n=14
AM PM AM PM
Age
Mean 9.67 10.20 9.62 11.64
SD (2.13) ( l o o t (1.98) (1-91)
Grade
Mean 3.80 4.40 3.92 5.93
SD (1.97) 0-96) (1.80) (1-98)
Table 4: Horne-Osteberg Measure as a Function of Group by Tim e of Day
N o n -A D H D A D H D
AM PM AM PM
n=15 n=14 n=13 n=13
Morningness-Eveningness
Mean 46.47 48.21 44.85 43.92
SD (7.41) (6.76) (6.24) (9.83)
Behavior Measures 
A D H D  Rating Scale -  I V
A  2 (Group) X 2 (Time o f  Day) A N O V A  was conducted on Inattention Scale 
raw score, Inattention Scale percentile, Hyperactivity/Impulsivity Scale raw score, 
and Hyperactivity/Impulsivity Scale percentile on the ADHD Rating Scale -  IV. 
Significant main effects for Group were found on Inattention Scale raw score, 
/i’ (l,57)=227.75,/K.05, Inattention Scale percentile, F (1 ,57)= 195.76,/K.05, 
Hyperactivity/Impulsivity Scale raw score, F (l,57)=150.88,p<.05, and 
Hyperactivity/Impulsivity Scale percentileF(l,57)-160.37,/K.05. These results 
indicated that the ADHD children had significantly more symptoms o f  inattention 
with a mean raw score o f  19.00 (Percentile 47=95.81) versus non-ADHD children 
with a raw score o f  1.83 (Percentile A/=24.63). Also, AD H D  children had
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)significantly more symptoms o f  hyperactivity and impulsivity (Raw A/=15.30; 
Percentile M =  94.33) than non-ADHD children (Raw M — 1.27; Percentile M=24.17). 
No significant main effects for Time o f Day or an interaction were found. The means 
and standard deviations are presented in Table 5.
Table 5: Barkley Questionnaire as a Function of Group by Tim e of Day
N o n -A D H D A D H D
n=15 n=15 n=13 n=14
AM PM AM PM
Inattention Ra^ Score
Mean 2.40 1.27 17.85 20.07
SD (2.53) (1.94) (6.23) (5.27)
Inattention Percentile
Mean 30.40 18.87 95.77 95.86
SD (28.21) (23.59) (4.25) (5.01)
Hyperactivity/Impulsivity Raw Score
Mean 1.13 1.40 14.23 16.29
SD (1.64) (1.84) (5.37) (6.47)
Hyperactivity/Impulsivity Percentile
Mean 22.87 25.47 93.92 94.71
SD (28.83) (27.91) (4.86) (4.55)
C h ild  Behavior Checklist:
A  standard T  score was computed for each o f the scales o f the Child Behavior 
Checklist (CBCL). A  2 (Group) X  2 (Time o f  Day) A N O V A  was conducted 
separately on each o f  the Child Behavior Checklist scales. Significant main effects 
for Group were found on the following scales: Anxious/Depressed, F  (1 ,57)=12.935, 
p < .05, Withdrawn/Depressed, F(l,57)=10.445,/><.05, Somatic Complaints,
F (1 ,57)=6.616,p<.05, Social Problems, F(l,57)=39.652,/?<.05, Thought Problems, 
F(l,57)=65.638,/?<.05, Attention Problems, F ( l , 5 7 )= l18.244,p<.05, Rule Breaking 
Behavior, F(l,57)=33.797,/?<.05, Aggressive Behaviors, F (l,57)=48.550,p<.05, 
Internalizing Behaviors, F(l,57)=21.757,/><.05, Externalizing Behaviors, 
F(l,57)=67.565,/?<.05, and Total Behaviors, F(l,57)=105.622,/><.05. These results
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indicate that the parents o f the ADHD children reported more internalizing and 
externalizing symptoms; however, only one scale had mean scores in the clinically 
significant range (a score o f 70 or above), Attention Problems (AD H D  A/=70.71; non- 
ADHD M = 5 1.03). Several scales for the ADHD children were in the sub-clinical 
range (a score between 60 and 69): Anxious/Depressed (AD H D  M=60.23; non- 
AD H D  A/=52.80), Social Problems (AD H D  M=62.32; non-ADHD M=51.07), 
Thought Problems (AD H D  M=64.41; non-ADHD M=51.70), Aggression (AD H D  
M = 64.92; non-ADHD M=51.03), and Externalizing Behaviors (AD H D  M=62.44; 
non-ADHD A/=42.80). No significant main effects for Time o f  Day or an 
interaction were found. The means and standard deviations are presented in Table 6.
Intelligence and Achievement Testing 
Wechsler Intelligence Scale fo r  Children -  I V  (W IS C -IV ) Subtests 
Vocabulary. A  2 (Group) X  2 (Time o f  Day) A N O V A  was conducted on W ISC-IV  
Vocabulary scaled scores. A  significant main effect was found for Group, F ( l ,  57)
= 14.43, p<.05. The significant main effect o f  Group indicated that non-ADHD 
children (M = 11.33) scored higher than AD H D  children (M=8.79); however, both 
scores are considered to be in the Average range on the W ISC-IV. In light o f 
significant differences across Group and Time o f Day on age and Vocabulary subtest 
scores, all analyses w ill be conducted as a 2 (Group) X  2 (Time o f  Day) analysis o f  
covariance (A N C O V A ), using age and vocabulary scores as covariates. The adjusted 
and unadjusted means for the analyses o f  the W ISC-IV  subtests are presented in 
Table 7.
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D igit Sparr. A  2 (Group) X 2 (Time o f  Day) A N C O V A  was conducted on the Digit 
Span scaled scores from the W ISC-IV. No significant effects were found for the 
Digit Span subtest.
Symbol Search: A  2 (Group) X  2 (Time o f Day) A N C O V A  was conducted on Symbol 
Search scaled scores. A marginal main effect was found for Time o f  Day, F  (1,57) = 
3.70, p = .060, indicating that the children tested in the afternoon ( M =  11.17; 
Corrected M =  11.28) performed slightly better on the symbol search subtest than the 
children tested in the morning (M =  10.29; Corrected M = \ 0.17), however, both subtest 
scores are within the Average range.
Coding-. A 2 (Group) X  2 (Time o f Day) A N O V A  was conducted on the Coding 
scaled scores. Significant main effect was found for Group, F (l,5 6 )= 4 .37,p<.05. 
This main effect indicated that the ADHD children (M =8.11; Corrected M=8.49) 
performed worse on this subtest than non-ADHD children (M =  10.55; Corrected 
M=10.16); however, both scores are in the Average range on the W ISC-IV . A  
marginal main effect was found for Time o f  Day, F (l,56)=3.79,p=.057. This 
indicated that children tested in the afternoon ()l/=10.14, Corrected M - 10.03) 
performed slightly better than children tested in the morning (M=8.56, Corrected 
A/=8.61).
Wechsler Individual Achievement Test, 2nd Edition (W IA  T -I I )
The age referenced and grade referenced standard scores were compute*1 for 
the Reading Comprehension, Listening Comprehension, and Pseudoword Decoding 
subtests for the WLAT-II. The adjusted and unadjusted means for the analyses o f  the 
W IA T -II subtests are presented in Table 8.
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Reading Comprehension Age Standard Score: A  2 (Group) X  2 (Time o f  Day) 
A N C O V A  was conducted on Reading Comprehension age standard score from the 
W IAT -II with age and the Vocabulary subtest as covariates. Significant main effects 
for Group, F  ( 1,57) =  17.18,/? <.05, and Time o f  Day, F  (1,57) = 5.59, p  =<.05, were 
found. These results indicate that AD H D  children with a mean o f  91.07 (Corrected 
A/=94.77) performed significantly worse than non-ADHD children with a mean o f 
112.83 (Corrected M=109.28). For Time o f  Day, children tested in the afternoon 
(M = 104.41; Corrected A/=105.85) performed significantly better than children tested 
in the morning (M=100.57; Corrected M=98.20). The interaction o f  Group and Time 
o f Day approached conventional levels o f  significance, F  (1,57) = 3.85, p  =  .055, an 
examination o f  the means suggest that differences between AD H D  and control 
participants was larger when participants were tested in the morning than in the 
afternoon.
Reading Comprehension Grade Standard Score: A  2 (Group) X  2 (T im e o f  Day) 
A N C O V A  was conducted on Reading Comprehension grade standard score from the 
W IA T -II with age and the Vocabulary subtest as covariates. Significant main effects 
for Group, F ( l ,5 7 ) =  18.25,p  <  .05, and Time o f  Day, F ( l ,5 7 ) =  5.55, p  < .05, were 
found. These results indicate that AD H D  children with a mean o f  91.85 (Corrected 
M = 95.22; Average range) performed significantly worse than non-ADHD children 
with a mean o f  113.70 (Corrected M= 110.44; High Average range). For Time o f 
Day, children tested in the afternoon (M =  105.34; Corrected M =  106.71) perfonned 
better than children tested in the morning (M  =101.29; Corrected M -  98.95). The 
interaction o f  Group and Time o f  Day approached conventional levels o f  significance,
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F  (1,57) = 3.71, p  =  .060, an examination o f  the means suggest that differences 
between AD H D  and control participants was larger when participants were tested in 
the morning than in the afternoon.
Listening Comprehension Age Standard Sec re: A  2 (Group) X  2 (Time o f  Day) 
A N C O V A  was conducted on Listening Comprehension age standard score from the 
W 1AT-II with age and the Vocabulary subtest as covariates. No significant main 
effects or interactions were found.
Listening Comprehension Grade Standard Score: A  2 (Group) X 2 (Time o f Day) 
A N C O V A  was conducted on Listening Comprehension grade standard score with age 
and the Vocabulary subtest as covariates. No significant main effects or interactions 
were found.
Pseudoword Decoding Age Standard Score: A  2 (Group) X 2 (Time o f  Day) 
A N C O V A  was conducted on Pseudoword Decoding age standard score from the 
W IA T -II with age and the Vocabulary subtest as covariates. A  significant main effect 
for Group, F  (1,57) =  12.63,/? < .05, was found indicating that AD H D  children with a 
mean o f  95.41 (Corrected A/=96.84; Average range) performed poorer than non- 
AD H D  children with a mean o f 110.77 (Corrected A/=109.50; Average range). 
Pseudoword Decoding Grade Standard Score: A  2 (Group) X  2 (Tim e o f  Day) 
A N C O V A  was conducted on Pseudoword Decoding grade standard score from the 
WLAT-I1 with age and the Vocabulary subtest as covariates. A  significant main effect 
for Group, F ( l ,5 7 ) = 13.10,/? < .05, was found indicating that AD H D  children with a 
mean o f  94.78 (Corrected M=95.40; Average range) performed poorer than non- 
ADHD children with a mean o f  109.87 (Corrected AT= 109.29; Average range).
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Executive Function Measures
Controlled O ra l Word Association Test 
The raw score for Letter Fluency is the total number o f  words that the 
participant produced that begin with the letters F, A, and S. The raw score for 
Category Fluency is the total number o f animals the participant produced. A  standard 
score was computed separately for Letter Fluency and Category Fluency raw scores.
A  2 (Group) X  2 (Time o f  Day) A N C O V A  with age and Vocabulary subtest as 
covariates was conducted separately for Letter Fluency and Category Fluencv. A  
main effect o f  Time o f Day was found for Letter Fluency, F {  1, 54)=5.19,jp<.05, 
indicating that the children tested in the afternoon (A/=97.90; Corrected M=98.43; 
Average range) produced more words than the children tested in the morning 
(M=88.33; Corrected M=87.23; Low Average range). The adjusted and unadjusted 
means for the Verbal Fluency measures are presented in Table 9.
Tower o f  London
On the 1 ower o f  London, the variables examined are the raw scores, which 
range from 0 to 36, and the total time in seconds to complete all trials. The higher the 
total score, the better the individual performed. A  2 (Group) X  2 (Time o f  Day) 
A N C O V A  with age and Vocabulary subtest as covariates was conducted on the 
Tower o f  London raw score and completion time. A  main effect for Time o f  Day was 
found, /r (l,53)=4.81,/?<.05 for the Tower o f  London raw score. This main effect 
showed that children tested in the afternoon (M = 29.04; Corrected M = 28.90) scored 
higher than children tested in the morning (M = 26.88; Corrected M - 26.76). The
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adjusted and unadjusted means for the Tower o f  London measures are presented in 
Table 9.
Trailm aking Test
A 2 (Group) X 2 (Time o f  Day) A N C O V A  with age and Vocabulary subtest as 
covariates were conducted on the standard score for Trails A  time and Trails B time. 
No significant main effects or interaction was found for Trails A. A  main effect o f  
Time o f  Day was found for Trails B, F  54)=6.70,p<.05, indicating that the 
children tested in the afternoon (M = 106.59; Corrected M =  108.96) performed better 
than the children tested in the morning (M = 99.48; Corrected A/=97.08), although both 
performed in the Average range. The adjusted and unadjusted means for the 
Trailmaking Test measures are presented in Table 9.
Wisconsin C ard  Sorting Task
The variables o f  interest from the Wisconsin Card Sorting Task (W C ST) are 
the number o f  trials administered, the number o f  correct trials, the total number o f 
errors, the number o f  perseverative responses, the number o f  perseverative errors, the 
number o f  non-perseverative errors, the total number o f  categories completed, the 
number o f  trials to complete the first category, and the number o f  times the 
participant failed to maintain set. The number o f  trials administered, the number o f 
correct trials, the number o f  categories completed, the number o f  trials to complete 
the first category, and failure to maintain set are presented as raw scores. However, 
all the remaining measures were converted to a Standard score based upon the child’ s 
age. Average performance has a Standard score o f  100 with a standard deviation o f 
15. Each o f  these variables were subjected separately to 2 (Group) X  2 (Tim e o f
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Day) A N C O V A  with age and Vocabulary subtest as covariates. No significant main 
effects or interaction were found for any o f  the scales. The adjusted and unadjusted 
means for the data are presented in Table 10.
C on n e r’s Continuous Performance Test 
A  2 (Group) X 2 (Time o f  Day) A N C O V A  with age and Vocabulary subtest as 
covariates was conducted separately on each the T  scores from the Connor’ s 
Continuous Performance Task (C PT ) scales. Significant main effects for Group were 
found in Errors o f Omission, F ( l ,  55)=7.483,/?<.05, Hit Reaction Time,
F  (l,55)=4.767,/?<.05, Hit Reaction Time Standard Error, F  (1, 55)=22.559,/K.05, 
Variability o f  Standard Error, F (l,5 5 )= 2 3 .815, /K .Pj, Response Style, F  
(1,55)— 12.436, /?<.05, Perseverations, F {  1,55)= 12.678, p < .05, Hit Response 
Interstimulus Interval,/r (l,55)=r5.565,i»<.05, and Hit Standard Error Interstimulus 
Interval, F(l,55)=l3.358,/?<.05. The non-ADHD children with a mean T  score o f 
47.57 (Corrected A/=49.15) had significant fewer errors o f  omissions than ADHD 
children with a mean T  score o f 62.23 (Corrected M - 60.53) indicating that ADHD 
children were more inattentive. On Hit Reaction Time, non-ADHD children with a 
mean T  score o f  48.28 (Corrected M=49.38) performed better than AD H D  children 
with a mean T  score o f 58.30 (Corrected Af=57.14) indicating that AD H D  children 
had a slower reaction time than non-ADHD children. On Hit Reaction Time Standard 
Error, non-ADHD children performed better with a mean T  score o f  47.45 (Corrected 
M-47.97) than AD H D  children with a mean T  score o f  61.73 (Corrected M=61.27) 
indicating that the AD H D  children were significantly less consistent in their reaction 
times. On Variability o f  Standard Error, non-ADHD children with a mean T  score o f
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46.57 (Corrected M = 4 7 .19) performed better than AD H D  children with a mean T  
score o f  60.24 (Corrected A/=59.52) indicating that ADHD children had significantly 
more response speed variability than non-ADHD children. On Response Style, non- 
ADHD children with a mean T  score o f  48.74 (Corrected M - 47.11) performed better 
than ADHD children with a mean T  score o f  54.50 (Corrected M=55.55) indicating 
that ADHD children did not respond as often as non-ADHD children. On 
Perseverations, ADHD children with a mean T  score o f  59.29 (Corrected Af=59.86) 
were significantly more impulsive and inattentive than non-ADHD children with a 
mean T  score o f  47.64 (Corrected Af=47.54). On Hit Reaction Time ISl Change, 
non-ADHD children with a mean T score o f  52.03 (Corrected A/=51.59) performed 
better than ADHD children with a mean T  score o f  59.85 (Corrected M =60.27) 
indicating that ADHD children had a slowing reaction time as the time between 
targets increased. On Hit Standard Error ISI Change, non-ADHD children with a 
mean T  score o f  49.34 (Corrected M -4 9 A 2 )  performed better than AD H D  children 
with a mean T  score o f 58.05 (Corrected M =  58.16) indicating that AD H D  children’ s 
reaction times became significantly more inconsistent as the time increased between 
targets. The adjusted and unadjusted means for the Conner’ s CPT measures are 
presented in Table 11.
Grt. °.d Pegboard
A 2 (Group) X 2 (Time o f  Day) A N C O V a  'ith age and the Vocabulary subtest as 
covariates was conducted on the standard score for the Dominant Hand and Non- 
Dominant Hand on the Grooved Pegboard. A  significant main effect was found for 
Group on the Dominant Hand, F ( \ ,  49)=4.634,/?<,05 indicating that the non-ADHP
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children (M =  i 00.38; Corrected A/= 101.61) performed better with their dominant hand 
than the ADHD children (A/=84.30; Corrected M = 82.86). No significant main effects 
or interaction were found for the Non-Dominant Hand. The adjusted and unadjusted 
means for the Grooved Pegboard measures are presented in Table 12.
Memory Measures 
Story M em ory
A  2 (Group) X 2 (Time o f  Day) A N C O V A  was conducted on the standard 
scores from the Story Memory Immediate Recall, Story Memory Delayed Recall, and 
Story Memory Recognition subtests from the W ide Range Assessment o f  Memory 
and Learning, Second Edition (W R A M L -II) with age and the Vocabulary subtest as 
covariates. No main effects or interaction were found for Story Memory Immediate 
Recall. On Story Memory Delayed Recall standard score a significant main effect for 
Group, F  (1,51) = 6.27, p  <  .05, was found indicating that AD H D  children with a 
mean o f  8.56 (Corrected Af=9.26) performed poorer than non-ADHD children with a 
mean o f  11.71 (Corrected M - 11.14). No main effects or interaction were found for 
Story Memory Recognition. The adjusted and unadjusted means for Story Memory 
arc presented in Table 13.
California Vet ai Learning Test-Child Version (C V L T -C )
The raw score for List A  Total Trials 1-5 was changed into a standard score 
(or T  score) with a mean o f  50 and a standard deviation o f  10. The raw scores for all 
the other measures were changed into age-corrected 2 scores (or standard scores) with 
0 as the mean and a standard deviation o f  1. The range on the age-corrected z scores 
is +5 (five  standard deviations above the average) and -5  (five  standard deviations
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below the average). A  2 (Group) X 2 (Time o f  Day) A N C O V A  with age and the 
Vocabulary subtest as covariates was conducted on the measures listed in Table 1. 
Significant main effects for Group were found in List A Trial 1 Free Recall raw score, 
F  (1,56) = 5.83, p  <  .05 and List A  Trial 1 Free Recall standard score, F  (1,56) — 6.15, 
p  < .05. On List A  Trial 1 Free Recall raw score, non-ADHD children recalled more 
words (A7=7.00; Corrected M -1 .0 1 ) than AD H D  children (M=6.00; Corrected 
M =  5.91). On List A  Trial 1 Free Recall standard score, non-ADHD children recalled 
more words (A^ f—0.50; Corrected M = 0.51) than AD H D  children (M =  -0.17; Corrected 
M =  -0.18). Significant main effects for Time o f  Day were found in Short-Delay Free 
Recall versus List A  Trial 5 Percent Change, F  (1,56) =  4.24,/? <  .05 and Short-Delay 
Free Recall versus List A  Trial 5 Difference Score. On Short-Delay Free Recall 
versus List A Trial 5 Percent Change, children tested in the morning (M = -19.26; 
Corrected M =  -18.51) performed worse than the children tested in the afternoon 
( M -  -5.57; Corrected M =  -6.59). On Short-Delay Free Recall versus List A  Trial 5 
Difference Score, children tested in the morning (A/= -0.14; Corrected M =  -0.16) 
performed worse than the children tested in the afternoon (A/=0.29; Corrected 
M ~ 0.31). The adjusted and unadjusted means for the immediate Recall o f  List A 
measures are presented in Table 14. The adjusted and unadjusted means for the List 
B measures are presented in Table 15. The adjusted and unadjusted means for the 
List A  Short-Delay measures are presented in Table 16. The adjusted and unadjusted 
means for the List A  Long-Delay measures are presented in Table 17. The adjusted 
and unadjusted means for Learning Slope, Correct Recognition Hits, and 
Discriminability measures are presented in Table 18.
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Rey Complex Figure Test (R C FT)
A 2 (Group) X  2 (Time o f  Day) A N C O V A  was conducted on Copy Time 
Standard Score, Copy Trial Standard Score, Immediate Recall Trial Standard Score, 
Delayed Recall Trial Standard Score, and Recognition Trial Standard Score with age 
and the Vocabulary subtest as covariates. No significant main effects or interactions 
were found for Copy Time Standard Score, Copy Trial Standard Score, Immediate 
Recall Trial Standard Score, and Delayed Recall Trial Standard Score._On 
Recognition Trial, no significant main effects were found for Group or Time o f  Day; 
however, a significant interaction, F (l,57 )=9 .54 ,p<05 , on the Recognition Trial. A 
subsequent Tukey test found no significant differences between AD H D  children and 
non-ADHD children tested in the morning; however, in the afternoon, non-ADHD 
children performed significantly better than the AD H D  children on the Recognition 
Trial. The adjusted and unadjusted means for the RCFT measures are presented in 
Table 19.
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Table 6: Means and Standard Deviations of the Child Behavior Checklist
N o n -A D H D A D H D
n=15 n=15 n=13 n=!4
AM PM AM PM
Anxions/Depresscd
M 54.00 51.60 58.46 62.00
SD (5.57) (4-32) (10.76) (9.32)
Withdrawn/Depressed
M 54.07 51.60 59.54 59.93
SD (6.03) (2.85) (11.18) (10.03)
Somatic Complaints
M 54.07 51.33 55.38 58.21
SD (5.19) (2.53) (5.20) (9.28)
Social Problems
M 51.07 51.07 62.85 61.79
SD (1-75) (3.06) (9-15) (9.70)
Thought Problems
M 52.20 51.20 65.54 63.29
SD (3.17) (2.91) (8.27) (7.71)
Attention Problems
M 51.33 50.73 70.92 70.50
SD (1.63) (1.16) (9.81) (9.82)
Rule Breaking Behavior
M 50.93 50.80 59.69 59.36
SD (1 -49) (1.15) (8.47) (7.64)
Aggressive Behavior
M 51.33 50.73 63.77 66.07
SD (2.23) (1 83) (11.84) (9.57)
Internalizing Behavior
M 49.33 43.07 57.23 59.64
SD (9.54) (8.55) (10.24) (11.17)
Externalizing Behavior
M 43.67 41.93 62.31 62.57
SD (7.77) (6.76) (9.89) (11.23)
Total Behavior
M 44.00 38.80 65.08 64.29
SD (7.38) (8.27) (7.71) (10.48)
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Table 7: W IS C -IV  as a Function of G roup by Tim e of Day
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM A M
Corrected
AM PM
Corrected
PM
Vocabulary
Mean 10.93 11.73 9.15 8.43
SD (2.58) (2.40) (2.76) (2.34)
N 15 15 13 14
Digit Span
Mean 9.80 9.51 12.00 11.54 9.00 9.20 8.50 9.12
SD (1.74) (0.75) (3.16) (0.77) (2.24) (0.81) (3.88) (0.84)
t T " 15 15 15 15 13 13 14 14
Symbol Search
Mean 10.67 10.17 12.00 11.23 9.85 10.17 10.29 11.33
SD (2.50) (0.55) (1.25) (0.56) (2.85) (0.59) (2.64) (0.61)
N 15 15 15 15 13 13 14 14
Coding
Mean 10.07 9.81 11.00 10.50 6.92 7.41 9.21 9.56
SD (2.89) (0-71) (2.04) (0.71) (1-93) (0.75) (3.58) (0.77)
N 14 14 15 15 13 13 14 14
*Covariates appearing in the model are evaluated at the following values: age =  10.2807 and Vocabulary =  10.1228
Table 8: W I A T - I I  as a Function of G roup by Tim e of Day
N o n -A D H D A D H D
n=15 n=15 n=13 n=14
Reading Comprehension Age AM Corrected PM Corrected A M Corrected PM Corrected
Mean 111.93 108.56 113.73 110.00 87.46 87.84 94.43 101.70
SD (8.92) (3.07) (7.28) (3.16) (21.11) (3.31) (14.49) (3.44)
Reading Comprehension Grade
Mean 112.80 109.66 114.60 111.21 88.00 88.24 95.43 102.20
SD (9.10) (3.12) (8.47) (3.21) (20.31) (3.37) (14.25) (3.50)
Listening Comprehension Age
Mean 109.07 106.68 109.53 105.19 102.08 104.44 98.43 103.44
“SD- (10.73) (2.38) (11.37) (2.45) (14.39) (2.57) (7.09) (2.67)
Listening Comprehension Grade
Mean 111.20 108.82 110.40 106.33 102.62 104.65 99.14 104.16
ISD (11.33) (2.48) (11.74) (2.55) (13.80) (2.68) (7.04) (2.78)
Pseudoword Decoding Age
Mean 110.40 108.93 111.13 110.07 98.00 97.48 93.00 96.19
SD ' (13.19) (3.12) (8.79) (3.21) (16.27) (3.37) (8.98) (3.50)
Pseudoword Decoding Grade
Mean 108.87 107.90 110.87 110.68 95.85 94.87 93.79 95.93
SD (12.89) (3.36) (11.96) (3.46) (16.11) (3.63) (9.79) (3.77)
*Covariates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
I able 9: Executive Function Measures as a Function of G roup by Tim e of Day
N o n -A D H D A D H D
AM
Corrected
A M PM
Corrected
PM A M
Corrected
AM PM
Corrected
PM
Letter Fluencv Standard Score
Mean 91.93 90.79 100.89 100.02 83.83 83.67 94.17 96.84
SD (18.16) (4.53) (19.71) (4.65) (15.34) (5-12) (13.76) (5.38)
N 15 15 15 15 12 12 12 12
Category' Fluency Standard Score
Mean 97.00 96.48 91.49 90.94 90.83 90.88 94.17 95.40
SD (13.88) (3.25) (11.87) (3.43) (12.28) (3.67) (9.91) (3.86)
N 15 15 14 14 12 12 12 12
To w e r of London
Mean 28.00 28.12 29.33 29.39 25.36 25.39 28.67 28.41
SD (4.11) (0.90) (2.72) (0.93) (3.98) (1.07) (2.10) (1.06)
N 15 15 15 15 11 11 12 12
To w e r of London Tim e (seconds)
Mean 214.27 216.08 251.67 264.88 227.09 209.92 235.42 232.37
SD (91.03) (31.50) (169.19) (32.52) (85.79) (37.53) (99.93) (37.22)
N 15 15 15 15 11 11 12 12
Trails  A  Standard Score
Mean 94.07 91.14 100.94 98.14 104.58 104.87 93.58 100.46
SD (22.04) (4.89) (26.93) (5.03) (9.26) (5.53) (13.34) (5.81)
N 15 15 15 15 12 12 12 12
Trails  B Standard Score
Mean 104.87 100.60 110.13 105.74 92.75 93.56 102.17 112.19
'SD (14.89) (4-23) (12.09) (4.35) (34.01) (4.78) (11.35) (5.02)
IN 15 15 15 15 12 12 12 12
*Covariates appearing in the mode! are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table 10: Means and Standard Deviations of the Wisconsin Card Sorting Task
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=14 n=14 n=13 n-14
Total Number of Trials
Mean 106.64 106.33 106.71 108.10 121.38 119.41 114.43 115.19
SD (23.23) (5.12) (21.87) (5.25) (11.54) (5.32) (15.59) (5.53)
Number of Correct Trials
Mean 74.86 73.82 79.14 78.30 78.08 77.78 79.50 81.65
SD (12.20) (3-40) (10.61) (3-48) (17.07) (3.53) (8.46) (3.67)
Total Number of Errors
Mean 105.43 104.45 107.21 105.31 94.54 95.53 99.00 100.96
SD (18.16) (4.28) (14.70) (4.39) (14.91) (4.45) (14.31) (4.63)
Perseverative Responses
Mean 106.29 106.00 107.00 105.90 101.69 102.62 102.36 102.89
SD (15.32) (3.63) (13.37) (3.72) (10.39) (3.77) (12.79) (3.92)
Perseverative Errors
Mean 106.86 106.47 107.29 106.08 101.08 101.99 102.21 102.97
SD (15.98) (3.72) (13.C0) (3.82) (10.71) (3.87) (13.47) (4.02)
Non-Perseverative Errors
Mean 102.29 101.23 104.86 102.71 88.69 89.87 95.79 97.90
SD (19.18) (4.52) (15.54) (4.63) (16.53) (4.69) (14.38) (4.88)
Total Categories Completed
Mean 4.93 4.91 5.21 5.09 4.38 4.51 5.14 5.18
SD (1.54) (0.40) (1.63) (0.41) (1.45) (0.41) (1.10) 0.43
Number to Complete First Category
Mean 14.64 14.81 22.71 24.61 13.54 11.57 18.00 17.76
SD (5.94) (4.57) (30.55) (4.69) (3.57) (4.75) (11.64) (4.94)
Failure to Maintain Set
Mean 1.00 0.85 1.79 1.69 2.08 2.01 1.36 1.67
SD (1.18) (0.39) (1.72) (0.40) (1.61) (0.41) (1-22) (0.42)
* Co variates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table 11: T  Score Means ot'CPT Measures as a Function of Group by Time of Day
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=14 n=15 n=12 n=14
E rro rs  of Omission
Mean 49.28 50.01 45.98 48.29 62.60 60.72 61.92 60.34
SD (8.60) (3.73) (4.78) (3.73) (16.65) (4.06) (21.10) (4.08)
E rro rs  of Commission
Mean 42.67 42.25 50.55 49.63 51.96 52.46 49.43 50.41
SD (9.81) (3.00) (12.19) (3.00) (12.02) (3.27) (9.35) (3.28)
H it Reaction Tim e
Mean 51.09 51.46 45.65 47.31 58.76 57.08 57.90 57.20
SD (8.49) (3.19) (12.73) (3.18) (13.76) (3.47) (12.55) (3.49)
H it Reaction Tim e Standard E rro r
Mean 49.52 49.46 45.52 46.49 63.61 62.08 60.11 60.45
SD (8.92) (2-51) (9.55) (2.51) (10.37) (2.73) (9.40) (2.74)
Variability of Standard E rro r
Mean 47.35 47.49 45.84 46.90 60.32 59.07 60.17 59.97
SD (8.93) (2.26) (9.74) (2.26) (7.28) (2.47) (7.70) (2.48)
Attentiveness (d ')
Mean 43.95 43.38 52.07 50.89 51.28 51.85 51.87 53.22
SD (8.27) (2.62) (9.85) (2.62) (12.64) (2.86) (7.43) (2.87)
Response Style
Mean 49.58 48.63 47.95 46.91 55.13 54.75 53.95 56.35
SD (6.32) (T98 ) (9.28) (T98 ) (5.63) (2.15) (8.08) (2.16)
*Covariates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table  11 (cont'd)
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=14 n=15 n=12 m=14
H it Reaction Tim e Block Change
Mean 48.21 47.25 47.49 46.58 49.10 48.51 51.38 53.83
SD (13.52) (3.40) (6.56) (3.39) (15.74) (3.70) (13.31) (3.72)
H it Standard E rro r Block Change
Mean 46.58 46.35 49.26 48.59 51.02 51.54 49.79 50.28
SD (10.22) (2.36) (7.29) (2.35) (7.38) (2.57) (8.95) (2.58)
H it Reaction Tim e IS I Change
Mean 52.69 51.86 51.43 51.33 60.76 59.25 59.06 61.29
,D (10.56) (3.30) (7.41) (3.29) (16.78) (3.59) (14.02) (3.61)
H it Standard E rro r IS I Change
Mean 48.43 48.11 50.19 50.13 57.40 56.83 58.61 59.49
SD (7.67) (2.22) (9.91) (2.22) (7.65) (2.42) (6.58) (2.43)
*Covariates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table 12: Grooved Pegboard as a Function of Group by Time of Day
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=!3 n=13 n=l 1 n=12
Grooved Pegboard Dominant
Mean 97.92 98.69 102.85 104.53 82.55 81.33 85.92 84.39
SD (18.59) (7-87) (14.08) (8.03) (47.50) (8.65) (21.64) (8.71)
Grooved Pegboard Non-Dom inant
Mean 87.38 87.02 92.62 91.96 75.36 75.67 78.75 79.57
SD (21.64) (8.38) (15.89) (8.56) (36.04) (9.21) (38.90) (9.28)
*Covariates appearing in the model are evaluated at the following values: age =  10.2807 and Vocabulary = 10.1228
Table 13: W R A M L -I I  as a Function o ' G roup by Tim e of Day
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
Story M em ory Immediate Recall
Mean 11.38 11.05 12.26 11.40 9.73 10.38 8.92 9.76
SD (2.22) (0.63) (2.19) (0.62) (3.07) (0.70) (2.61) (0.71)
N 13 13 15 15 11 11 12 12
Story M em ory Delayed Recall
Mean 11.31 10.91 12.07 11.36 9.00 9.43 8.17 9.09
SD (2.36) (0.66) (1.87) (0.64) (2.93) (0.73) 12.95) (0.74)
N 13 13 15 15 11 11 12 12
Story M em ory Recognition
Mean 11.80 11.78 11.40 11.48 11.18 11.04 10.23 10.29
SD (1.26) (0.59) (2.67) (0.61) (2.09) (0.70) (2.52) (0.69)
N 15 15 15 15 11 11 13 13
*Covariates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table 14: C V L T -C  List A Measures as a Function of Group by Time of Day
N o n -A D H D AD H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=15 n=15 n=13 n=13
Total Tria ls  1-5 Raw Score
Mean 47.33 47.78 49.07 48.39 43.38 44.75 44.92 43.82
SD (8.63) (2.38) (10.C2) (2.45) (9.67) (2.57) (8.83) (2.79)
Total Tria ls  1-5 Standard Score
Mean 53.33 52.43 53.53 52.59 48.85 48.89 45.08 47.18
SD (9.57) (2.77) (9.39) (2.85) (10.11) (2.99; (12.70) (3.24)
T r ia l 1 Free Recall Raw Score
Mean 6.87 7.04 7.13 7.11 6.46 6.70 5.54 5.13
SD (1 59) (0.42) (2.13) (0.43) (1.56) (0.45) (M 3 ) 10.49)
T r ia l 1 Free Recall Standard Score
Mean 0.47 0.49 0.53 0.52 0.23 0.27 -0.58 -0.64
SD (0.92) (0.24) ( l . H ) (0.25) (0.86) (0.26) (0.57) (0.28)
T r ia l 5 Free Recall Raw Score
Mean 10.87 10.96 11.27 11.11 10.08 10.39 10.38 10.16
SD (1.85) (0.60) (2.60) (0.61) (2.63) (0.64) (2.06) (0.70)
T ria l 5 Free Recall Standard Score
Mean 0.17 0.09 0.20 0.12 -0.20 -0.20 -0.58 -0.40
SD (0.82) (0.27) (0.96) (0.27) (1.05) (0.29) (1-15) (0.31)
*Covariates appearing in the mode! are evaluated at the following values: age = i 0.2807 and Vocabulary = 10.1228
Table 15: CVLT-C List B Measures as a Function of Group by Time of Day
Non-ADHD ADHD
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n= 15 n=15 n— 13 n— 13
Free Recall Raw Score
Mean 5.80 5.90 5.80 5.56 4.85 5.25 4.77 4.52
SD (2.18) (0.45) (1.37) (0.46) (1.72) (0.49) (2.13) (0.53)
Free Recall Standard Score
Mean 0.03 -0.05 -0.03 -0.25 -0.31 -0.15 -0.70 -0.52
SD (1.08) (0.25) (0.67) (0.26) (1.03) (0.27) (1.13) (0.29)
B Free Recall vsA Trial 1 Free Recall %  Change
Mean -16.60 -17.14 -15.75 -18.97 -23.64 -20.37 -10.21 -9.14
SD (21.29) (7.29) (19.47) (7.51) (26.36) (7.87) (40.84) (8.53)
B Free Recall vs A Trial 1 Free Recall Diff
Mean -0.43 -0.48 -0.57 -0.69 -0.77 -0.69 -0.15 -0.04
SD (0.80) (0.26) (0.96) (0.27) (0.90) (0.28) (1.23) (0.30)
♦Covariates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table I6:CVLT-C Short Delay Measures as a Function of Group by Time of Day
Non-ADHD ADHD
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=15 n=15 n=13 n=13
Short-Delay Free Recall Raw 
Score
Mean 9.00 9.21 10.40 10.37 8.00 8.30 10.00 9.50
SD (2.27) (0.71) (2.97) (0.73) (3.03) (0.77) (2.71) (0.83)
Snort-Delay Free Recall 
Standard Score
Mean 0.03 -0.03 0.37 0.34 -0.38 -0.43 -0.15 -0.0 i
SD (1.04) (0.27) (0.99) (0.28) (1.12) (0.30) (0.94) ... (0,32)
Short-Delay Free Recall vs A 
Trial 5 %  Change
Mean -16.75 -15.07 -7.83 -6.31 -22.16 -21.95 -2.97 -6.88
SD (18.77) (5.42) (19.30) (5.58) (13.68) (5.85) (27.89) (6.34)
Short-Delay Free Recall vs 
List A  Tria l 5 Diff
Mean -0.13 -0.12 0.17 0.22 -0.15 -0.20 0.42 0.40
SD (0.85) (0.22) (0.77) (0.22) (0.52) (0.23) (0.98) (0.25)
Short-Delay Cued Recall Raw 
Score
Mean 9.80 9.99 10.60 10.48 9.92 i 0.30 10.31 9.85
'SD (2.21) (0.66) (2.87) (0.68) (2.69) (0.72) (2.63) (0.77)
Short-Delay Cued Recall 
Standard Score
Mean 0.13 0.10 0.30 0.24 0.12 0.15 -0.19 -0.11
SD (1.06) (0.29) (1.05) (0.30) (1.08) (0.32) (1.15) (0.34)
*Covariates appearing in the model are eva uated at the following values: age = i 0.2807 and Vocabulary = 10.1228
Table 17:CVLT-C Long-Delay Measures as a Function of Group by Time of Day
Non-ADHD AD H D
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=15 n=15 n=13 n=13
Long-Delay Free Recall Raw 
Score
Mean 10.13 10.23 9.67 9.45 8.69 9.07 10.00 9.77
SD (2.36) (0.82) (4.15) (0.84) (2.63) (0.88) (2.97) (0.96)
Long-Deiay Free Recall 
Standard Score
Mean 0.30 0.23 -0.07 -0.16 -0.27 -0.25 -0.15 0.01
SD (1-01) (0.32) (1.56) (0.33) (0.90) (0.35) (1.18) (0.38)
Long Free Recall vs Short Free 
Recall %Change
Mean 14.29 13.45 -4.87 -5.67 55.61 55.56 0.02 1.95
SD (16.51) (20.06) (29.47) (20.64) (149.67) (21.66) (12.07) (23.47)
Long Free Recall vs Short Free 
Recall Diff
Mean 0.27 0.26 -0.43 -0.50 0.12 0.18 0.00 0.01
SD (0.53) (0.26) (1-45) (0.27) (1.06) (0.28) (0.46) (0.31)
Long-Delav Cued Recall Raw 
Score
Mean 10.33 10.49 11.20 11.10 9.46 9.78 10.46 10.09
SD (2.16) (0.66) (2.65) (0.67) (2.22) (0.71) (3.04) (0.77)
Long-Delay Cued Recall 
Standard Score
Mean 0.17 0.11 0.40 0.33 -0.12 -0.10 -0.12 0.03
SD (0.96) (0.26) (0.93) (0.27) (0.85) (0.28) (1.14) (0.30)
*Covanates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
Table 18: CVLT-C  Measures as a Function of Group by Time of Day
Non-ADHD ADHD
AM
Corrected
AM PM
Corrected
PM AM
Corrected
AM PM
Corrected
PM
n=15 n=15 n=13 n=13
Learning Slope Raw Score
Mean 1.01 0.98 1.09 1.06 0.95 0.97 1.20 1.26
SD (0.58) (0.14) (0.52) (0.15) (0.49) (0.15) (0.49) (0.17)
Learning Slope Standard Score
Mean -0.33 -0.49 -0.20 -0.29 -0.35 -0.43 -0.23 0.13
SD (1.13) (0.26) (0.98) (0.26) (0.85) (0.28) (1.13) (0.30)
Correct Recog Hits Raw Score
Mean 13.53 13.50 14.00 14.16 12.77 12.54 13.08 13.17
SD (3.80) (0.82) (1.65) (0.84) (4.02) (0.88) (2.06) (0.95)
Correct Recog Hits Standard Score
Mean 0.27 0.21 0.33 0.38 -0.04 -0.17 -0.27 -0.12
SD (1.52) (0.35) (0.88) (0.36) (1.60) (0.37) (1.13) (0.40)
Discriminabiiity Raw Score
Mean 96.30 96.22 97.19 97.50 93.16 92.68 94.02 94.23
SD (8.47) 0-96) (3.51) (2.02) (8.91) (2.12) (7.39) (2.29)
Discriminabiiity Standard Score
Mean 0.67 0.54 0.73 0.76 0.19 0.01 -0.08 0.23
SD (1.26) (0.30) (0.62) (0.31) (1.64) (0.32) (1.15) (0.35)
*Covariates appearing in the model are evaluated at the following values: age =  10.2807 and Vocabulary = 10.1228
Table 19: R C F T  as a Function of G roup by Tim e of Day
N o n -A D H D A D H D
AM
Corrected
AM PM
Corrected
PM A M
Corrected
A M PM
Corrected
PM
Copy
Mean 86.60 86.86 97.67 96.65 79.23 80.80 82.00 81.35
SD (25.35) (6.47) (19.70) (6.65) (25.76) (6.98) (25.51) (7.25)
N 15 15 15 15 13 13 14 14
Copy Tim e
Mean 105.40 106.85 93.47 92.65 115.49 118.42 108.18 104.99
SD (25.58) (7-13) (30.88) (7.33) (13.11) (8.01) (32.91) (8.00)
N 15 15 15 15 12 12 14 14
Immediate Recall
Mean 85.20 84.31 89.93 88.19 93.79 94.83 84.33 86.19
SD (18.05) (5.47) (18.42) (5.63) (19.14) (5-91) (25.41) (6.14)
N 15 15 15 15 13 13 14 14
Delayed Recall
Mean 83.13 82.37 91.20 89.94 80.65 81.24 89.46 91.07
SD (15.06) (5.58) (21.42) (5.74) (23.14) (6.02) (22.78) (6.25)
N 15 15 15 15 13 13 14 14
Recognition
Mean 88.93 89.91 105.53 106.91 95.21 94.73 86.73 84.65
SD (11.27) (4.25) (12.10) (4.37) (18.87) (4.59) (20.20) (4.77)
N 15 15 15 15 13 13 14 14
*Covariates appearing in the model are evaluated at the following values: age = 10.2807 and Vocabulary = 10.1228
CH APTER IV
DISCUSSION
The executive function measures that found a statistical difference in performance 
between the ADHD children and the non-ADHD children were the Conner’ s CPT and 
Grooved Pegboard. On the Conner’s CPT, the non-ADHD children performed better 
than ADHD children on the number o f  Omission Errors, Hit Reaction Time, Hit 
Reaction Time Standard Error, Variability Standard Error, Response Style, 
Perseverations, Hit Response Time ISI Change, and Hit Standard Error ISI Change. 
The ADHD children’s performance on the Conner’ s CPT indicated that they were 
more inattentive and impulsive and had slower, inconsistent response time to the 
target than the non-ADHD children. Also, the non-ADHD children completed the 
Grooved Pegboard with their dominant hand faster than the AD H D  children with 
their dominant hand. The other executive functioning tests did not find differences 
between AD H D  and non-ADHD children.
The findings in this study are consistent with the research on the performance 
o f  individuals diagnosed with ADHD on vigilance tasks. Reader et al. (1994) 
examined the performance o f  48 AD H D  children on the T O V A  and that the ADHD 
children made more errors o f  omission. Doyle et al. (2000) tested 123 ADHD 
children and 103 controls also found that ADHD children made more errors o f 
omission than non-ADHD children on a vigilance task. Barkley and Grodzinsky 
(1994) tested children diagnosed with ADHD, Predominately Inattentive Type
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(n=12), ADHD, Combined Type (n=12), non-ADHD children with Learning 
Disorders (n= l 1), and controls (n=12) on a vigilance task. The study found that both 
ADHD groups made more errors o f  omission and commission than the Learning 
Disorder and control groups.
Regarding this study not finding any significant differences between ADHD 
children and non-ADHD children on the other measures o f executive functioning 
(C O W AT, TOL, Trailmaking Test, and W CST) is similar to the finding in the Loge 
et al. (1990) study. They examined the differences between 20 AD H D  (met DSM- 
1II-R criteria) children and 20 non-ADHD children on different executive functioning 
measures including the Gordon Diagnostic System (GDS; measure o f  vigilance, 
impulsivity, and distractibility), W CST, CO W AT, California Verbal Learning Test, 
and Symbol Digit Modalities Test (similar to Coding subtest on the W ISC-IV ). The 
AD H D  child was paired with a non-ADHD child with the same age, father’s 
occupation, and parents’ educational level. The AD H D  children made more errors o f 
omission and commission on the GDS than the controls, which is consistent with the 
present studies findings. Additionally, Loge et al. found no differences in 
performance between AD H D  children and non-ADHD children on the Wisconsin 
Card Sorting Test, California Verbal Learning Test, and the Verbal Fluency Test, 
which is similar to the finding in this study. Loge et al. (1990) concluded from their 
study that there were few deficiencies in executive functioning o f  AD H D  children. 
Although, the findings from Loge et al. (1990) and the present study contrast with 
other studies completed on executive functioning in AD H D  children which found
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ADHD children performed poorer than non-ADHD children on executive function 
measures.
A  possible reason for the absence o f  differences between AD H D  and non- 
ADHD children on executive function tests could be that this study and Loge et al. 
(1990) included both males and females as participants. A  few  studies only tested 
males and excluded females from their study. Pineda et al. (1998) studied the 
difference between 124 boys Mendellin, Colombia. Sixty-two boys met the 
diagnostic criteria for the DSM-III-R and significant symptoms o f  hyperactivity 
according to parent and teacher’s ratings, and the other 62 boys did not meet 
diagnostic criteria and was placed in the control group. The children were 
administered the W CST, Verbal Fluency test, Picture Arrangement from the WISC- 
R. AD H D  children performed significantly worse on all three measures, especially 
the W CST. Doyle et al. (2000) examined the performance o f  123 AD H D  boys and 
103 non-ADHD boys on RCFT, Stroop test, Auditory CPT, W CST, Letter 
Cancellation Task, WISC-R/WAIS-R subtests (Vocabulary, Arithmetic, Digit Span, 
Block Design, Coding), CVLT/W RAM L. The AD H D  boys met DSM -III-R  criteria 
for ADD. The boys with ADHD performed worse than the controls on the auditory 
CPT, Freedom from Distractibility subscale (Arithmetic, Digit Span, and Coding 
subtests) o f  the WISC-R/WAIS-R, Color, Word, and Color-Word subscales o f  the 
Stroop Test, the W CST, the ROCF, and the Letter Cancellation Task. Berlin et al. 
(2004) examined the performance o f  21 AD H D  boys on executive function measures 
compared to 42 non-ADHD boys in Sweden. Two non-ADHD boys were matched to 
an AD H D  boy on ethnic background and age. The AD H D  boys either met criteria for
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ADHD, Predominantly Hyperactive/Impulsive Type or ADHD, Combined Type 
based on meeting diagnostic criteria in the DSM -IV and parent and teacher ratings. 
The children’ s inhibition (the Stroop Task), working memory (Kaufman Hand 
Movements Test; Kaufman & Kaufman, 1983), internalization o f  speech (Puzzle 
Cheating Task), self-regulation o f  affect/motivation/arousal (CPT; Corkum & Siegal, 
1993), and reconstitution (recall a story after a certain delay) were measured since 
these executive functions are included in Barkley’ s theory o f  executive dysfunction in 
ADHD children. The ADHD children performed significantly worse than non- 
ADHD children on all measure o f  executive functioning, except the working memory 
task (hand movements). The present study included both males and females due to 
the fact that the recruitment occurred in a rural setting, resulting in a smaller ADHD 
population.
Another possible reason for not finding significant differences between 
ADHD and non-ADHD children could be the smaller sample size. A  couple o f  the 
studies that found differences between ADHD children and non-ADHD children had 
larger sample sizes, such as Pineda et al. (1998) and Doyle et al. (2000), than Loge et 
al. (1990) and this current study. This study was conducted in a rural setting and 
therefore the recruiting o f  a large sample o f  ADHD children was much more difficult.
Other studies found differences on executive functioning based on the subtype 
o f ADHD. Houghton et al. (1998) examined the effects o f  AD H D  subtypes on 
executive functioning. Sixty-two children were placed in the ADHD, Combined 
Type group, 32 children in the ADHD, Predominantly Inattentive group, and 28 
children were placed in the control group. The children were administered the Tower
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o f  London, Stroop Test, W CST, Trailmaking Test, and Matching Familiar Figures 
Test. T1 control group performed significantly better than both the AD H D  subtypes 
on ali e measures. The ADHD, Combined Type children performed significantly 
poorer on the W CST and the Stroop Test than the ADHD, Predominantly Inattentive 
Type children and the control children. The ADHD, Predominantly Inattentive group 
erforrned poorer on the Stroop Test and W CST than the control; however, the results 
were not significant. Chhabildas et al. (2001) compared the performance o f  ADHD 
subtypes to controls on measures o f  processing speed, inhibition, and vigilance. The 
study consisted o f  children between the ages o f  eight and eighteen who met DSM -IV 
criteria for ADHD, Predominantly Inattentive type (n=67), ADHD, Predominantly 
Hyperactive/Iinpulsive type (n=T4), ADHD, Combined type (n=33), and non-ADHD 
children (n=82). The participants were administered measures o f  processing speed 
(Trailmaking Test and Coding subtest from the W ISC-R), inhibition (errors o f 
commission on the Gordon Diagnostic System and The Stop Task), and vigilance 
(errors o f  omission on the Gordon Diagnostic System). A ll AD H D  subtypes 
performed worse on inhibition, vigilance, and processing speed measures than 
controls. When inattention symptoms were used as a covariate, there were no longer 
group differences between AD H D  subtypes and controls. The authors concluded that 
inattention not hyperactivity/impulsivity was significantly related to poor 
performance on tests o f  inhibition, vigilance, and processing speed. The current 
study only included children who met DSM -IV criteria for ADHD, Combined Type 
due to the limited population o f  ADHD children in the rural setting.
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Lastly, Kempton et al. (1999) examined the effects o f  stimulants on executive 
functioning in AD H D  children. The participants included 15 unmedicated ADHD 
children, 15 medicated children, and 15 controls participated in the study. The 
participants were administered the W ISC-III, W RAT-3, the Neale Analysis o f 
Reading Ability Revised, and the C A N TA B . The unmedicated chiiriren performed 
worse on measures from the C A N TA B  and the Tower o f  London. There were no 
significant differences between the medicated AD H D  group and the controls on the 
tests o f  executive functioning. Even though the ADHD children in the current study 
reported that they refrained from taking stimulant medication for at least 15 hours 
before participating in the study (two children were on non-stimulant medication), 
there is no certain way to determine that the effects o f  the medication were not in 
their system.
Regarding auditory memory, there was no significant difference between 
ADHD and non-ADHD children on the Immediate Recall from the W R A M L  Story 
Memory Test. Conversely, there was a significant difference between the non- 
ADHD children and AD H D  children on the Delayed Recall o f  the stories, although, 
both groups performed in the Average range. When the children were given multiple 
choice response questions after a delay in the Recognition test from the W R A M L  
Story Memory, there was no significant difference between the two groups. On the 
CVLT-C , AD H D  children performed significantly worse than non-ADHD children 
on List A  Trial 1 Free Recall ra> / score and standard score indicating that ADHD 
children were unable to recall as many words after the first presentation o f  the list; 
however, after repeated presentation o f the list, there were no significant differences
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in the performance o f  immediate recall, short-term memory (short-delay), and long­
term memory (long-delay) between ADHD children and non-ADHD children. 
Although, on List A  Trial 1 Free Recall, both AD H D  and non-ADHD children 
performed in the average range.
Previous research found that children diagnosed with AD H D  had more 
difficulty with immediate recall o f  visual and auditory information than non-ADHD 
children (Mealer et al., 1996). Mealer et al. (1996) admin iatr red the W R A M L  to 20 
non-ADHD children and 20 ADHD children. The ADHD children performed 
significantly lower on the Visual Memory Index, Learning Index, and General 
Memory Index from the W RAM L. As for the subtests from the W R A M L, the ADHD 
children performed significantly worse on the Verba! Learning subtest (auditory) and 
Finger Windows subtest (visual). Kaplan et al. (1998) found that AD H D  children 
along with ADHD + Reading Disability, and Reading Disability children performed 
significantly lower on the W R A M L  General Memorv Index, Verba! Memory Index, 
Learning Memory Index, and Visual memory Index than the control group. The 
findings from these studies are consistent with the results o f  the present study for 
AD ! ID children having deficits in immediate recall o f  verbally presented information. 
However, Kaplan et al. (1998) concluded from their study found that there was no 
significant difference between ADHD children and non- ADHD children on Story 
Memory Delayed Trial. One reason for this may be due to Kaplan et al. (1998) 
calculating a savings score (delayed recall/initial trial) on the Story Memory subtest, 
whereas this present study looked at differences between standard scores on the Story 
Memory Delayed Trial.
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In regards to time o f day effects, the children’ s performance on a few  o f  the 
executive function meas ires varied across the time o f  day. The children tested in the 
afternoon performed better than the children tested in the morning on the Letter 
Fluency test. The children tested in the afternoon performed in the Average range, 
where as the children tested in the morning performed in the Low Average range 
indicating that the afternoon children were able to produce more words than the 
morning children. Also, the children tested in the afternoon performed better than the 
children tested in the morning on a task that measures planning (Tower o f  London). 
The children tested in the afternoon performed significantly better on the Trailmaking 
Test Trails B, a measure o f  set change; however, on the Trails B, both morning and 
afternoon children had a standard score in the Average range. These findings suggest 
that children perform better in the afternoon than irt the morning on tests o f  executive 
function; however, there was no difference between the performance o f  AD H D  and 
non-ADHD children on these executive function measures. Therefore, these tests o f 
executive function were o f  little discriminative value in this study.
The findings o f  the present study are consistent with Blake (1967) study 
where the number o f correct detections increased across time o f  day from the 
morning (8:00am) to the afternoon (3:30pm). However, Rana et al. (1996) found that 
accuracy and speed o f  performance was better in the morning (9:00arn) than in the 
afternoon (2:00pm) or evening (6:00pm) on a vigilance task for children. Also, more 
errors were committed in the afternoon than in the morning or evening. Although 
Rana et al. used a Paper Pencil Cancellation Test (PPC T ) consisting o f visually
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scanning a piece o f  paper with different amount o f  dots and marking a specific group 
o f dots.
As for time o f  day affects on memory, the results from C V LT-C  found that 
children in the afternoon performed significantly better than the children tested in the 
morning on recalling words after a short delay, but both performed in the average 
range. This finding is consistent with a study completed by Folkard et al. (1977). 
Folkard et al. found that children tested in the afternoon recalled significantly more o f 
a passage after a delay than the children tested in the morning though the children 
tested in the morning performed better on the immediate recall.
However, other research studies have found that participants tested in the 
morning performed significantly better than participants tested in the afternoon on 
memory tasks. Dunne et al. (1990) found that adult participants performed better at 
8:00am than 7:00pm on a free recall task (shown a list o f  12 words, one at a time, and 
then asked to write down all 12 words). Petros et al. (2002) found that children tested 
at 9:00am performed better on immediate recall o f  passages than children tested at 
3:00pm. Although, these studies found better performance in the morning, they 
examined immediate recall, whereas, the present study found differences in short- 
delay recall.
Some previous research examined the effects o f  “ morning type” versus 
“ evening type” on memory tasks. Petros et al. (1990) found that, in adult participants, 
those who rated themselves as “ morning types”  had a decrease in immediate recall o f 
auditory passages across time o f day while recall slightly increased across time o f  day 
for “ evening types.”  The current study did not examine “ morningness-eveningness”
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on memory tasks; however, all participants completed a modified version o f  the 
Horne-Ostberg Questionnaire and no significant differences were found between 
Group and Time o f  Day. This suggests that “ morningness-eveningness”  should not 
affect the performances o f  the participants on the memory tasks.
One purpose o f  this study was to determine i f  time o f  day modifies the 
performance o f ADHD children relative to controls on tests o f  executive function and 
memory. In this study, only one interaction was found between Group and Time o f 
Day. On the Recognition Trial from the Rey Complex Figure Test, AD H D  children 
tested in the afternoon performed significantly worse than the non-ADHD children 
tested in the afternoon. No significant differences between Group was found for the 
children tested in the morning. Since no other interactions were found, these results 
suggest that time o f day does not moderate the performance o f AD H D  children on 
tests o f  executive function and memory.
The findings from this study suggest that the CPT is the most useful executive 
function measure in determining ADHD inclusion; however, not exclusion. The 
other executive function measures did not find any differences between groups. The 
clinical implications from these results suggest that the use o f  the CPT in assessing 
for AD H D  is useful, but other assessment measures must be used. Am y Schatz et al. 
(2001) found that the performance on the T O V A  and the rating on the Conners Parent 
Rating Scale indicated significant inattention in 85% o f  the children who were 
clinically diagnosed with ADHD. On the other hand, 30% o f  the controls had 
significant attention problems on the TO V A , but not on the Conners Parent Rating 
Scale. When clinicians are assessing for ADHD, a CPT is useful, but also a clinical
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interview should be conducted with the parents and child. The parents and teachers 
o f the child should complete rating scales (e.g. Child Behavior Checklist). The child 
should also be administer at least a screen o f intellectual (e.g. Wechsler Assessment 
Screen o f Intelligence; W AS I), achievement (W ide Range o f  Achievement Test-4lh 
Edition; W RAT-4), and emotional functioning (e.g. Beck Depression Inventory for 
Youth; BDI-Y).
In regards to not finding differences between AD H D  children and non-ADHD 
children on tests o f  executive function, Brown (2006) discussed the two conflicting 
views o f  the relationship between executive function and ADHD. Currently there are 
two theories on executive functioning in ADHD: Barkley’ s model and Brown’s 
model. In Barkley’ s model, AD H D  is primarily impairment in the ability to inhibit 
and it affects the development o f the other executive functions (i.e. non-verbal 
working memory, verbal working memory, emotional and motivational regulation, 
and reconstitution o f behavior). This model focuses on the ability to use language and 
inhibit behavior. In order to assess symptoms o f  ADHD, Barkley recommended that 
the individual be observed in cross-settings (e.g. classroom and daycaie) and for 
longer periods o f  time instead o f using tests o f  executive functioning, since they are 
less sensitive because the tests are brief in duration. Brown’s model, like Barkley’ s 
model, suggests that AD H D  is an impairment in the development o f  executive 
functioning, but there are two differences. First, Barkley listed behavioral inhibition 
as the fundamental executive function in that it affects all other executive functions. 
Brown’ s model views there are multiple executive functions that are interdependent 
and interactive with each other. Brown divided the multiple executive functions into
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six clusters: memory (recall and working memory), focus (sustained attention and 
ability to shift attention), activation (prioritize and organize work), action (control 
behavior), effort (processing speed, sustained effort, and control alertness), and 
emotion (self-regulate emotions). Second, Barkley’ s model only pertains to ADHD, 
Combined Type, whereas, Brown’s model, executive dysfunction affects all subtypes 
o f ADHD. Like Barkley, Brown views that the current executive function tasks do 
not measure the individual’ s executive dysfunction in daily tasks. Alternatively, 
Willcutt et al. (2005) completed a meta-analytic review on the executive function 
theory for ADHD. The authors found 83 studies that involved the administration o f 
executive function measures to non-ADHD (n=2969) and AD H D  (n=3734) groups. 
Significant differences on all 13 executive function measures were found between 
non-ADHD and ADHD groups with a medium effect size. The most consistent and 
strongest effect sizes were found on the tests o f  planning (Tower o f  Hanoi and 
Porteus Mazes), vigilance (CPT omission errors), response inhibition (Stop-Signal 
Reaction Time), and working memory. The results from this meta-analysis indicate 
that individuals with ADHD have deficits in executive function and it is possible to 
accurately measure executive function with tests o f  executive function. However, 
Brown reported that from the research on executive functioning in AD H D  only a few 
individuals with ADHD exhibit deficits on the executive functioning measures (about 
30%). Brown believes the difference in the two views (Barkley and his versus 
Willcutt et al.) is in the definition o f  executive functioning. Brown views that it is not 
possible to isolate executive functions and measure them, since executive function 
involves the management o f  several functions at the same time. This may explain the
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findings o f no significant differences between AD H D  and non-ADHD children on the 
tests o f  executive functioning in the present study.
Future research may want to examine the effects o f  time o f  day on executive 
function and memory tests on the different subtypes o f ADHD, since Chhabildas et 
al. (2001) found that symptoms o f inattention, not hyperactivity/impulsivity, are 
related to executive dysfunction and the current study only examined the performance 
o f  ADHD, Combined Type. Second, this study had a smaller sample size than other 
studies that have found significant differences on tests o f  executive functioning. 
Finally, future research may want to study whether the current executive functioning 
tests assess executive functioning in daily tasks through a parent and teacher rating o f 
executive functions (e.g. Behavior Rating Inventory o f  Executive Function; BRIEF, 
Psychological Association Resources, 2000).
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